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CEAPO strengtheningthe science base for natural resource conservation
The Conservation Effects AssesamhProject (CEAP) was initiatddly USDAG&s Nat ur al Resources

Agricultural Research Service (ARS), aNdtional Institute of Food and Agriculture (NIFA) [formally known as Cooperative State

Cor

Research, Education, and Extensionviders (CSREES)ih 2002 as a means by which to analyze societal and environmental bepefits
gained from the 2002 Farm Bill 6s s ubThdosagnal goals of CEAR weeedosegtimaten ¢
conservation benefits for reporgirat the national anekgional levels and to establish the scientific understanding of the effects and

benefits of conservation practices at the watershed scale. As CEAP evolved, the scope was exapssetttiedmpacts and

efficacy of various consertian practices on maintaining and improving soil and water quality at regional, national, and watershed

scales.
CEAP activities are organized into three interconnected efforts:

A Bibliographies, literature reviews, and scientific workshtpsstablish whisis known about the environmental effects of
conservation practices at the field and watershed scale.

A National and regional assessmetdsestimate the environmental effects and benefits of conservation practices on the landscape

and to estimate consextion treatment needs. The four components of the national and regional assessment Effmptaard
Wetlands Grazing land, including rangeland, pastureland, and grdpeeistland andWildlife.

A Watershed studie® provide indepth quantification fowater quality and soil quality impacts of conservation practices at the
local level and to provide insight on what practices are the most effective and where they are needed within a wathtgved to a
environmental goals.

CEAP benchmark results, cuntéy published for six watersheds, provide a scientific basis for interpreting conservation practice

implementation impacts and identifying remaining conservation practice needs. These reports continue to inform decisjon maker

policy makers, and the publon the environmeal and societal benefits of conservation practice use.

Additional information on the scope of the project can be foutdkdt/www.nrcs.usda.gov/technical/nri/ceap/
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Foreword

This report marks the first revisit of a region originally surveyed and assessed by theNFEISAthrough the Conservation Effects
Assessment Project (CEAP) (USINRCS 2011)The original Chesapeake Bay repads the second report raked in the national

CEAP series of regional reports, continuing the tradition within USDA of assessing the status, condition, and trendl of natura
resources to determine how to i mprove c o megienalCBRreportsuspa ogr am
sampling and modeling approach to quantify the environmental benefits that farmers and conservation programs currentty provid
society, and to explore prospects for attaining additional benefits with further or alternative constrattioent.

Theoriginal reportbased on a 20636 survey and published in 20X&pvides quantified reference points against which to compare
subsequent studiemcluding this reportThe revisit to the region allows exaration ofthe changes and tresith conservation
practice use over time by comparing the baseline 2@8urvey results with the results from the 2011 survag.comparison
illuminates changes in patterns and impacts of voluntary conservation adoption in the Chesapeake Bay segieurvllyi improves
our scientific understanding of the effects and benefits of conservation practices at the watershed scale and inaieasidis the s
knowledge base helping policy makers implement appropriate programs and helping land managereenddply appropriate
practices to best meet conservation goals in the region.

This report differs fronthe 2011 publishefiAssessment of the Effects of Conservation Practices on Cultivated Cropland in the
Chesapeake Bay Regibim several key aspectsh& two reports cover the same areal extent, but the survey data for the original
report was collected over a mejiear period (20086) as part of the original CEAP national survey, while the resurvey activity
occurred only in the Chesapeake Bay regiah soiely in the fall of 2011During the interim between the publication of the
benchmark report in 2011 and this report, there have t@merous improvements and updates performed on the Agricultural
Policy/Environmental eXtender (APEX) and Soil Wates@ssment Tool (SWAT) modeigyprovements irsoils input data,
increasedveather datavailability, andrefinement ofanalytical techniques for evaluating the model results. As these changes
impacted data interpretation, model function, and results, 108 @® data was reanalyzed alongside the 2011 data. The more robust
approach utilized in this analysis produced results that differ from the results reported in the origindNBSBACEAP report for
the Chesapeake Bay region (USDIRCS 2011). Therefore, aders of both reports will notice differences in certain results,
procedures, and interpretations.

The United States Department of Agriculture (USDA) has a rich tradition of working with farmers and ranchers to enhance
agricultural productivity and environentalconservatiorthrough voluntary programs. Many USDA programs provide financial
assistance to producers to encourag@ption of conservation practices appropriate to local soil and site conditions. Other USDA
programs, in tandem with state and logadgramsprovide technical assistance to design, install, and implement conservation
practiceghat areconsistent with farmewobjectives and policy goalBy participating in USDA conservatigrograms, producers are
able to:

1 install structural practes such as riparian buffers, grass filter strips, terraces, grassed waterways, and contour farming, all of
which reduce erosion, sedimentation, and nutrients leaving the field;

9 adopt conservation systems and practices such as conservation tillage, cosipeaingrient management, integrated pest
management, and irrigation water management, which conserve resources and maintairteéhne lpragluctivity of crop and
pasturelangand

9 retire land too fragile for continued agricultural production by plargimg) maintaining on them grasses, trees, or wetland
vegetation.

As soil and water conservation remain a national priority, it is imperative to quantify the effectiveness of currenttmnserva
practices and identifthe potential for improving conservatiogains. Over the past several decades, as the relationship between crop
production and the environment in which it occurs has become better understood, goals have shifted from solely presientiog ero
achieving sustainable agricultural productivityliglancing the tradeffs associated with agricultural production and other potential
ecosystem services. Expansion of our scientific understanding of agroecological systems has contributed to a broadeAing of US
conservation policybjectives and developent of more sophisticated conservafanning,practicedesign and implementatian

These more holistic conservation goals and management approachegrenblaiiral Resources Conservation SeridR@S to

work with farmers and ranchers to plan, sgleand apply conservation practices that enable their operations to produce food, forage,
and fiber while conserving the Nationés soil and water res
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Impacts of Conservation Adoption on Cultivated Acres of Cropland in
the Chesapeake Bay Region, 2003-06 to 2011

Key Findings

The voluntary, incentivedased conservation approach continues to be effectiistoric levels of conservation implementation are
achieving unprecedented resiitghe Chesapeake Bay regidiarmers, ranchs, and forestland ownevsluntarily install or adopt
conservation practices on their lardls part of a conservation plan, in partners
Service (NRCS), soil and water conservation districts, state agenags;eate organizationg hese voluntary and collaborative
investmentselp supporagricultural producers amdral economies, protect wildlife habitat, and improve water quality in the
Chesapeake Bay region.

The firstnational Conservation Effects Assenent ProjeciGEAP) farmer surveyslocumented the conservation and production
practices in place from206B6 and i nformed the original Chesapeake Bay re
Conservation Practices on Cultivated Croplantiine Ch e s a p e a USDAB\R®S 2R14)gThis neprt demonstrated that
during the time period 20036, most cropland acres in the Chesapeake Bay region were treated with structural or residue manageme
conservation practicesr both, with the goal afontroling erosion, reducing nutrient losses, and improoi) and wateguality. In

order to provide more upp-date information and assess the benefits of more recent conservation investments in the Chesapeake Bg
region, NRCS performedsecondCEAP surveyin the region duringhe fall of 2011 and covered the conservation anodyction

practices in use from 2009 &911.

This new report, il mpacts of Conservation Adopti on-06don Cul t
2011p using the da@andedldénmerstragthat darin@tileQirBe betwdentwosurveys agricultural

producers have significantly increased their use of an array of conservation measures to improve and protect watemaditydirsoil q

the Chesapeake Bay region. These conservation practices are generating substantial natural resource benefits for pitoelucers and
communities of the Chesapeake Bay region.

These additional conservation measures have resulted in reductidhesrosion rates by 57 perceandedgeof-field sediment

losses by 62 percenince 2006In addition, the average annual rate of soil carbon loss was reduced by 50 Jére&til1 survey
results indicate thatdgeof-field nitrogenlossesn surfacerunoff werereduced by88 percentnitrogenlosses in subsurface flows

were reducethy 12 percent, anphosphorusosseswvere reducetyy 45 percent compared 200306 loss raes. The edgef-field
conservation achievemerisn t he Ch e s ap e adoppedBancyultimately betpsdiihe Ghesapeake Bay itself by
redudng thetotal cumulative instream delivery from all sources (urban, rural, paitt norpoint). In fact, achievements in

agricultural conservation adopted between 206&nd 201teducedhe cumudhtive instream loads delivered to the Chesapeake Bay
by 8 percent for sedimeng,percent for nitrogen, and 5 percent for phosphofbiese percentage reductions equate to annual
reductions of 15.1 million tons of sediment and 48.6 million pounds andillidnmpounds of nitrogen and phosphorous, respectively.

Structural practies includingbuffers orterracep | ay i mportant controlling and trappin
(ACT) conservation system approach for reducing losses of sedimémutrients from cropland acres. Structural practices were in
useon 52 percent ofropped acres in 20636. By 2011, structural practices were adopte6®percent oEropped acres, or a 27

percent increase between the survey periods

Annual practtes such as cover crops and conservation tidagee all three important avoiding, controlling, and trapping functions in
the ACT conservation system approaCbnservation tillage adoption on one or more crops in rotateased fronoccurringon

74 percent ofcropped acrem 200306 to 90 percent ocropped acrem 2011.As for cover crop use, farmers substantially expanded
their use of this core ACT practice. In the 28I@survey, only 5 percent of cropped acres in the Chesapeake Bay regicovesed
crops every year and 88 percent of cropped acres were never planted to cover crops; in the 2011 survey, however, the number o
cropped acres that farmers planted to cover crops every year more than tripled (to 18 percent of cropped acres)amntiatiome th

all cultivated acres in the region (52 percent) had cover crops applied at least one out of every four years.

Livestock and poultry producers have improved their manure management practices in recent years, leadingleingaspiread

on mae acres in the regian 2011 than it was in 20636. The number of acres receiving manure increased almost 30 percent
(growing from 37 percent to 48 percent of cropped acres receiving niagtween the 20086 and 2011 surveys). Likewise, as an
indicata of enhanced nutrient management, there was nearly a 147 percent increase in soil testing on manured acres prior to appl
more manure (increasing from 15 percent to 37 percent of cropped acres between the $hereyaje also indications of a growi
manure market in the region. Manured acres applied with purchased, ratheiatihae producedn-farm, nearly quadrupled,
increagdfrom 57,000 acres i8003-06 to 203,000 acres in 2011.



Progress has been made toward addressing conservation needgpudtunities exist to increase conservation on cropped acres

in the Chesapeake Bay regioimheconservatiore f f or t s of t he r e g hdwithbsappdrtéronnoeal, statepand t h e
Federal programs, especially focused programs like the ChalsaBay Watershed Initiative (CBWI), hayeneratedignificant

progress in addressimgpnservation concerns on cropland acres with a high potential benefit for protecting and improving water
quality. Acres withhigh potential benefits are those that cbrdspond well to additional conservation treatments and have the greatest
potential for losses of sediment and nutrie@nservation measuresloptedbetweer?00306 and 2011 reduced the number of

cropped acrewith high potential benefithy 80 percent dropping from the2003:06 level of 813,000 acres (19 percent ofabpped

acre$ to 157,000 acres (4 percent of @bpped acrgsn 2011. As of 2011, more thdwalf the acres in the regiavere classified as

having low needs for additionabnservatintreatment. Compared 200306 conditions, the additional conservation practices in

place in 2011 increased the nuenlof acres with low conservation needs by almost 32 percent (or incréasmgl percentf

cropped acrem 200306 to 54 percent ir2011).

Although significant gains were made in the controlling and trapping components of the ACT conservation system approach,
opportunities remain for progress in avoiding nutrient losses through impnoteentapplicationmanagementSpecifically,
avoidance could be better achieved through better incorporation of ti{ghélRght rate, theright timing, theright method, and the
right form) into nutrient management plahsiprovement in 4Rimplementation would be particularly beneficial on aaeavhich
manure application occurs because manure requires different application strategies than do commercial fertilizers.

Comprehensive conservation plannirtbat incorporatestargeting is essential for effectiveness and efficienByioritizing one or
more conservation goals, identifying acres with the highest potential for conservation gains per conservation dollantiramedtme
identifying the appropriate suites of treatments for eachsagnéficantly improveghe effectiveness of conservatioraptice
implementation and increases the value of the conservation dlissof practices thatomprehensively address all three
components of the ACT strategye required to adequately address soil erosion, nutrient losses in amubfitrogen loses through
leaching. This study shows that the increased use of additional conservation practices on acrespeitbrtighbenefits
significantlyreduced losses due to rundfhe increased use of cover crops and winter annuals decreased leackind\tiditonal
gains willdepend ortontinued use of current practicsd continuing improvement in the application rétaing, methodandform
of nutrients.

Executive Summary

Background on This Report

Historic levels of conservation implementatiare achieving unprecedented results in the Chesapeake Bay region. Farmers, ranchers
and forestland owners voluntarily install or adopt conservation practices on their lands as part of comprehensive conservatio
planning, in part neResdurceg Condervation Se3vize\(BIRCS)Nsoit and watker conservation districts, state
agencies, and private organizations. These voluntary and collaborative investments help support agricultural produeérs and ru
economies, protect wildlife habitat, armdprove water quality in the Chesapeake Bay region.

The Conservation Effects Assessment Project (CEAP) is a-agéticy USDA effort to quantify the environmental effects of the
conservation practices adopted by producers. CEAP cropland reports infagratesurveys (conducted by NASS), natural resource
information (land use and soils), and modeling to estimate the impact of conservation practices on nutrient and sedigenthead

|l ead CEAP partners are USDAOGs MNRGEShanadAgricitteral RasearcheServide ARS)andv at i
Texas A&M AgriLife Extension Services.

NRCS released the first Chesapeake Bay region CEAP cropland assessment in March 2011, which relied on data gathered throug
farmer surveys conducted from 2003 @D8. The first report demonstrated that conservation practices and systems were delivering
benefits for the Bay watershebhe surveys informing for the first CEAP report were conducted too early to capture the growth in use
of cover crops in the Bay watdred, and also did not capture the impact of accelerated conservation implementation made possible
through the increased funding provided by State and Local partners, and by the Chesapeake Bay Watershed Initiative (CBWI),
authorized in the 2008 Farm Bill.

There was considerable interest among Chesapeake Bay stakeholders in updating the 2011 report with new farmer sunaéy's to eva
the progress made by Bay farmers since 20B8CS conducted a new set of farmer surveys in late 2011, and also updatéd\khe C
models and improved soils and weather data. This is the first time NRCS has updated a CEAP cropland report for agogoticular r
allowing for comparison in conservation effects between two points in Tiheeresults indicate that conservation piagrand

practice implementation being adopted by Chesapeake Bay farmers are producing substantial water quality benefits by reducing
sediment and nutrient delivery to the Chesapeake Bagause NRCS conservation efforts complement those of private laedown
nongovernmental organizations, other Federal, State, and local agencies working toward natural resources conservatioiomnd redu
of nutrient and sediment losses into the Chesapeake Bay, this report considers impacts of all conservationggaatiess, of

NRCS involvement.



Cultivated Cropland Acres inthe Chesapeake Bayregion Receiving Conservation Treatment UndetSDA Programs. Data

are broken out by program or initiative. Totals are not summed by year because the same acreage may bedsuntdtiple
programs or initiatives and acres treated over multiple years were counted in each year of treatment. Treatment ca@stsevaing by
treatment applied.

Acres Receiving Federal Assistance 200306 2007 2008 2009 2010 2011
Chesapeake Bayatershed Initiative - - - 4,349 89,321 111,350
Conservation Reserve Program 36,337 20,083 11,481 5,939 5,050 4,057
Financial Assistance Programs 131,122 130,504 125,995 133,748 95,486 66,648
Conservation Technical Assistance 250,760 278,538 302,096 294,370 305,454 292,813

This report demonstrates substantial conservation practice adoption and improvement of conservation benefits betwe@6 the 2003
and 2011 sampling periods. However, this report does not capture the full impact of the conservatoepas hi pés f ocus
conservation efforts in the Chesapeake Bay region m®mrstothe 20
region. Since 2011, when the farmer survey informing this report was conducted, various Federaln&tacal agencies and

entities in the District of Columbia and the six states in the Chesapeake Bay region have continued to work with farcetesate a
conservation practice adoption. State and Federal programs have expanded incentivesdosgadeption, manure incorporation,

use of variable rate applications, sidieessing of nutrients, and other production techniques targeted at reducing losses of sediment
and nutrients from farm fields. Based on the analyses in this report, we anticadatee focused funding efforts will continue to
accelerate conservation gains in the region.

Overview of Data Collection and Modeling

I n March 2011, the NRCS released the fiAssessment ef the Ef
Chesapeake Bay Regiondo, the benchmark USDA NRCS CEAP repor
relied on data collected between 2a@Band provides an historical point of reference by which to measure progress in conservation
adgotion and conservation practice efficacy in the region. Due to stakeholder interest and an increased focus on farm@rconserva
adoption since the last survey was completed in 2006, NRCS prioritized a second assessment of the state of conseoetion pract
adoption and achievements on cropped acres in the Chesapeake Bay region. Farmer surveys for this assessment werdlwmnducted
fall of 2011.

The benchmark survey (20@86 ) in combination with the r elbbased@sgntficaionan 1 1,
guantification of emergent trends in agricultural conservation impacts in the Chesapeake Bay region betw@@ad®@811. This

is the first CEAP report in which a watershed is revisited for a second round of analysetidyhigfsorts on changes in

conservation adoption, estimates the impact of these changes on reduction of bathfelidéosses and instream sediment and
nutrient loads delivered to the Chesapeake Bay, and evaluates the need for additional conseatatént bn cropland in the region.
The analyses reflectttien vi r on ment al i mpact ocfoppechanresgwhiohenakes up 10 perderst ofthe gi o n
Chesapeake Bay region (4.35 million acres). Changes in and impacts of agricultural congeraetiices were isolated from other

land use changes and impacts by holding other land uses (hay, pasture, urban poinpairt,rforests, etc.) and their management
constant at 20086 conservation levels for analyses of both the 2D®&nd 2011 datdherefore, all changes in nutrient and

sediment dynamics observed in the simulations comparing the@baseline condition with the 2011 conservation condition are
solely attributable to changes in agricultural practices. It is not the intent oépluigt to estimate progress toward the overall regional
goals related to conservation practice changes on land uses other than cultivated cropland.

Simulation models were used to estimate the effects of conservation practices. During the interim betmddicétion of the

original report in 2011 and this report, there have been numerous improvements and updates performed on the Agricultural
Policy/Environmental eXtender (APEX) and Soil Water Assessment Tool (SWAT) simulation models, improvemergsripigoil

data, increased weather data availability, and refinement of analytical techniques for evaluating the model resultsO6daf003

was reanalyzed using the same model version and data interpretation used to analyze the 2011 data in ortlez 20806 data

to inform a baseline condition by which to assess changes between the two survey periods. The more robust approaish used in th
analysis produced results that differ from the results reported in the original USDA NRCS CEAP repoiCfastygeake Bay

region (USDA NRCS 2011). Therefore, readers of both reports will notice differences in certain results, procedures, and
interpretations.

The National Resources Inventory (NRI), a statistical survey of conditions and trends in soilamétetated resources on U.S. non
Federal land conducted by USDA NRCS, provides the statistical framework for the analyses. The same framework was hsed for bc
sets of data collections, although the data collection informing the @®@8nservation praice use assessment was part of a national
survey and the data collection informing 2011 practice trends was collected in a regional survey. This statistical fedloesdok
comparison between the original survey and all resurveys, all of which nepitleseegion and are not subject to bias due to-lesed
conversion at any sample point (i.e., conversion of croplandoian langl



Information on farming activities and conservation practices was obtained primarily from a farmer survey desigiaé foy @e

USDA National Agricultural Statistics Service (NASS). Additional practice information was obtained from USDA Farm Services
Agency, the USDA NRCS NRI, and USDA NRCS field office records. This assessment is not directly reflective of Federal
consevation program benefits, as it includes impacts of the conservation efforts of local, State, and regional governméasal agenc
and independent organizations, as well as those of individual landowners and farm operators.

Farmer Survey Summary

A 2011 farner survey obtained information on the extent of conservation practidénuses Chesapeake Bay region for the period
2009 to 2011The most extensive change observed since the-@6&Birvey was the increased adoption of structural practices,
conservatia tillage, and cover cropblutrient management changes are best characterized as largely being maintained)ét 2003
conservation levels, with progress in some aspects countered by declines in others. While most acres have evidendeogesome ni
or phasphorus management, there is opportunity to enhance existing nutrient management practices on most acres, especially on t
receiving manureConsistent application of the 4R#ght rate,right timing, right method, andight form) of nutrient applicatin
management across all crops in a rotation is still a priority need. Skilled management is required to shift consernatigitoplan
match current production goals with soil types and effective nutrient application strategies. Maintaining produstiwhilgoa

adopting new nutrient management strategies increases management complexity and risk to the farmer0blsB@33data
provides the baseline against which conservation gains could be measured; the following is an overview of key trends:

Changes in adoption of conservation tillage, structural practices, residue management, and cover crops on cultivated cropland
in the Chesapeake Bay region, 20036 to 2011:
9 Structural practices for controlling water erosi@#:percentage poinbhcrease from52 to 66 percent of cropped acres;
1 Practices designed to trap sediment and nutrients at theoédigll: 17 percentage poinihcrease from 14 percent to 31
percent of cropped acres
1 Some form of conservation tillage without any conventional till@@gercentage poinihcrease from 56 to 79 percent of
cropped acres;
1 Continuous Neill on all crops in a rotationl6 percentage poirnbcrease from 38 to 54 percent of cropped acres; and
1 Cover crops use at some point in rotatid@:percentage poirnhcrease from 12 to 52 percent of cropped acres.

Changes in nitrogen management, including commercial fertilizer and manure applications on cultivated cropland in the
Chesapeake Bay region, 20036 to 2011:
1 Annual nitrogen application: lfiercentincrease from 95.0 to 104.5 pounds per acre per year, includdgercenincrease
in commercial fertilizer application (6.7 pound per acre per year increase)l@ngeacenincreasein manure nitrogen
application (2.8 pound per acre per year increase).

On ciopped acres receiving commercial nitrogen/anthanure based nitrogen in 2608 and 2011:

1  Appropriate nitrogen applicatiaiate onall cropsin rotation, including manure applicatior®spercentage poirdecling
from 32 to 23 percent of cropped acragpropriate nitrogen applicatiasiming onall crops in rotation, including manure
applications14 percentage poirdecline from 50 to 36 percent of cropped acres; and appropriate nitrogen application
method onall cropsin rotation, including manure afications:7 percentage poirdecling from 34 to 27 percent of cropped
acres.

1 Appropriate nitrogen applicatiaiate onnone of the cropsn rotation, including manure applicationspercentage point
decline from 13 to 6 percent of cropped acres; ampiatetiming onnone of the cropsn rotation, including manure
applicationsmaintained200306 conservation level, 1 percent of cropped acres for both 2@®3and 2011; and appropriate
nitrogen applicatiomethod on none of the cropsn rotation, inclding manure applicationmaintained 200396
conservation leveR1 and 18 percent of cropped acres in 200&nd 2011, respectively.

1  Appropriaterate, timing, and method of nitrogen application, including manure applications:
1 onsome, but not all cropsin rotation:6 percentage poirihcrease from 87 to 93 percent of cropped acres;
1 onall cropsin the rotation6 percentage poirdecline from 13 to 7 percent of cropped acres.

Changes in phosphorus management, including commercial fertilizer and mamn@ applications on cultivated cropland in the
Chesapeake Bay region, 20086 to 2011:
1 Annual phosphorus applicatiod:percenincrease from23.8 to 25.2 pounds per acre per year, includifgarcenincrease
in commercial fertilizer application (1.0 pod per acre per year increase) and 1 percenincreasein manure nitrogen
application (0.4 pound per acre per year increase).




On cropped acres receiving commercial phosphorus and or manure based nitrogen betw86rafd@D11.:

1 Appropriate phospirus applicatiomate onall cropsin rotation, including manure applicatiomsaintained?00306
conservation leveb4 and 57 percent of cropped acres in 200&nd 2011, respectively; appropriate phosphorus application
timing onall cropsin rotation,including manure application$l percentage poirdecline from 53 to 42 percent of cropped
acres; and appropriate phosphorus applicatiethod on all crops in rotation, including manure applicatiomsaintained
200306 conservation levei2 and 37 peent of cropped acres in 2008 and 2011, respectively;

1 Appropriate phosphorus applicatiiming onnone of the cropsn rotation, including manure applicatior@spercentage
pointincrease from 13 to 19 percent of cropped acres; appropriate phospapplisationmethod on none of the cropsn
rotation, including manure applicatiomsaintained200306 conservation leveB0 and 32 percent of cropped acres in 2003
06 and 2011, respectivelgnd

1 Appropriaterate, timing, and method of phosphorus applation, including manure applications:
1 onsome, but not altrops in rotationmaintained?00306 conservation level§8 and 79 percent of cropped acres in
200306 and 2011, respectivelgnd
91 onall applications in the crop rotatiomaintained?00306 corservation levels22 and 21 percent of cropped acres in
200306 and 2011, respectively.

Changes in manure management (with or without supplemental commercial nutrient inputs) on cultivated cropland in the
Chesapeake Bay region, 20036 and 2011:
1 Manure aplication rate25 percenincrease from 12.6 to 16.8 tons per acre per year,;
1 Manure application at some point in the crop rotatidhpercentage poinbcrease from 38 to 48 percent of cropped acres;
1 Manured acres applied with effirm-sourced manurel7 percentage poinbcrease from 17 to 34 percent of manured
cropped acres;
1 Manured acres applied with purchased manBigercentage poirihcrease from 4 to 10 percent of manured cropped acres;
and
1 Management of manure as a nitrogen source on mamgres:

1 Appropriate applicationatesfor all cropsin rotation:8 percentage poirdecline from 17 to 9 percent of manured
cropped acres; appropriate applicationing for all cropsin rotation:6 percentage poirdecline from 18 to 12 percent
of manued cropped acres; and appropriate applicatiethod onall crops. 6 percentage poirdecline from 22 to 16
percent of manured cropped acres;

91 Appropriate applicatiomates for none of the cropsn rotation:15 percentage poirdecling from 24 to 9 peroat of
manured cropped acres; appropriate applicdtioimg for none of the cropsn rotation 6 percentage poirdecling
from 16 to 10 percent of manured cropped acres; and appropriate appliatiad for none of the cropsn rotation:
maintained?00306 conservation leveld6 and 17 percent of manured cropped acres in-26G8d 2011, respectively;

1 Management of manure as a phosphorus source on manured acres:

1 Appropriate applicatiotiming for none of the cropsn rotation:12 percentage poiribcrease from 16 to 28 percent of
manured cropped acres; appropriate applicatiethod for none of the cropsn rotation:14 percentage poiribcrease,
from 30 and 44 percent of manured cropped acres; and

91 Appropriate applicatiotiming for all cropsin rotdion: maintained 20086 conservation level6 and 13 percent of
manured cropped acres in 2008 and 2011, respectively; appropriate applicat@thod onall cropsin rotation:7
percentage poindecline from 28 to 21 percent of manured cropped acres

Conservation Accomplishments
Compared to edgef-field conservation accomplishments in the 2Q@&3baseline condition, model scenarios suggest that practices
adopted in the 2011 conservation condition have further reduced agricultural impacts indhpe@ke Bay region. Specifically,
compared to the 20836 baseline condition, the 2011 conservation condition has reduced:

1 sediment loss from field€3 percent reductigrfrom 5.1 to 1.9 tons per acre per year,

91 acres with sheet and rill erosion greateart soil loss tolerance (T}7 percentage point reductipfrom 28 to 11 percent of

acres;

1 nitrogen loss with surface runoff, including nitrogen attached to sediment and nitrogen in s8Rif@ncent reductigrfrom
15.7 to 9.7 pounds per acre per year
nitrogen loss in subsurface flows by leachihg:percent reductigrfrom 25.9 to 22.9 pounds per acre per year;
total phosphorus loss from field#4 percent reductigrfrom 3.4 to 1.9 pounds per acre per year;
acres losing soil organic carbd0 perentage point reductigrirom 66 to 46 percent of cropped acres; and
soil carbon loss from field&0 percent reductiarfrom 189 to 95 pounds per acre per year.

= =4 =4 =4

The comprehensive Avoid, Control, Trap (ACT) conservation system approach requires thae absgects of the system be
accommodated with appropriate and complementary conservation practice adoption. Nutrient applications and tillage mareagement
necessary for crop production and even when appropriately applied will have losses of sedimetrieartsl Therefore losses that



cannot be avoided with these management approaches should be controlled within the field with practices such as ssedces, gra
waterways, or contouringgome practices may serve the ACT strategy in multiple ways. Bonm®, conservation tillage can both

serve to avoid losses and control losgractices designed to trap sediment and nutrients at theoédigll (e.qg, filter strips and

buffers) are necessary for a complete approach to reducing the impacts ofenlitiregland on water quality. In the Chesapeake Bay
region, achievements in nutrient management have largely come from the control and trap components of the ACT system. Future
conservation practice success requires a renewed emphasis on the avoidsuted gspsystem. Specifically, significant

improvements can be realized with more focus on implementing the 4Rs of nutrient application. Key among these is timing, with
need to shift more nutrient applications to the time after crop has been plahiet nvatches nutrient application and availability
temporally with nutrient demand.

The simulated change in nitrogen dynamics between the@®®aseline condition and the 2011 conservation condition demonstrate
the potential pitfalls of focusing on onbne or two parts of the ACT strategy. Water erosion control practices were very effective at
controlling and trapping sediment and nutrients on farm fields. The widespread adoption of structural erosion congs| practic
residue management practices, egdiiced tillage slowed the flow of surface water runoff, allowing more sediment and nutrients to
remain into the field, as well as allowing more water to infiltrate into the soil. Thuteng of surface water to subsurface flows
redirects the solubleitrogen into subsurface flows and may potentially extract additional nitrogen from the soil as the water filters
through the soil profile. Although the 2011 conservation condition reduced nitrogen losses via subsurface flow by Ithpercent
cropped acreas compared to the 20@® baseline condition, high losses of nitrogen in subsurface flows remain a challenge in the
region.

Gains Related to Cover Crop and Winter Cover Use

In the context of this report, cover crops are considered a unique subsetenfomirer. Cover crops are planted for agroecological
purposes, including soil and nutrient conservation and soil health benefits. Cover crops are grown when principal otops are n
growing (this typically includes, but is not limited to, winter monthg)vé& crops are not planted with the intent to harvest and are
generally terminated by tillage or herbicide application prior to maturity. Winter cover includes crops (mostly smablanééasfor
spring harvest) that may be grazed and or harvesteddir, dpay, or both.

In 200306, only 5 percent of cropped acres in the Chesapeake Bay region had cover crops planted every year and 88 percent of a
never had any cover crops planted. In 2011, 52 percent of acres had cover crops planted at ®astyaghgears and 18 percent of

acres had cover crops planted every year. It was estimated that relative to Hd6 2@@2line condition, the increased annual use of
cover crops in the 2011 conservation condition enhanced reduction in sediment loswbsage of 78 percent, surface loss of

nitrogen by 35 percent, subsurface nitrogen loss by 40 percent, and total phosphorus loss by 30 percent. In the 2Qidhconserva
condition, the average annual rate of carbon change due to annual application of@ovénproved by an average 148 percent as
compared to carbon dynamics in the 2@®3baseline condition. State incentive programs have been pivotal in the continued
increases in cover crop adoption. For example, in 2011 Maryland farmers, supportgdithrouh e st at eds Cover (
voluntarily planted nearly 430,000 acres to cover crops.

Winter cover adoption, other than cover crops, increased as well. IR0BO®3y 3 percent of cropped acres in the region were
planted with winter cover annualliput by 2011 annual winter cover was grown on 17 percent of cropped acres. 062008er

cover was a part of crop rotations at least 1 out of every 4 years on only 47 percent of acres and by 2011, 65 peypedtaifreso

in the region had the saibvered during at least one winter in-gefr crop rotation. The increased use of winter annuals in the crop
rotation may be attributed to market forces and the flexibility in cover crop programs, such as those which allow faphters to
manage theiintended cover crop for grain harvest in return for a reduced or no cost share on the cover crop.

For 2011, a comparison between acres with no winter cover and those adopting some form of cover during the winter atonths for
least part of the crop rotati, show that winter cover adoption, solely or along with other conservation actgitd®wn inable 2.4:

1 reduced sediment losses by 37 percent;

1 reduced surface losses of nitrogen by 28 percent;

1 reduced subsurface losses of nitrogen by 18 percent;

1 reduced total phosphorus losses by 29 percent; and

1 reduced carbon losses by 46 percent.

Reductions in Conservation Treatment Needs

The conservation practices reported in the 2011 survey of the Chesapeake Bay region were compared to the conseneation practic
conditions reported in the 20@ survey to evaluate remaining conservation treatment néeas with high potential benefits to
waterquality( Aihi gh conservation needs acreso) are the moandhaveul ne
the highest losses of sediment and/or nutriekdses with moderate potential benefits to water qualiti moder at e cons e
needs acreso) generally have |l ower |l evels of i nse#anemnhigh vul n



conservation needs acres. For the purposes of this report, acresiméthtly low potential benefits to water quality i | o w
conservat i oarecomsidedes to hecsuffeiendly)treated; combinations of conservation practitesemcres address all
the inherent vulnerability factors that determine the potential for sediment and nutrient losses.

Simulations and analyses show conservation treatment needs for the Chesapeake Bay region were reduced betw@®én the 2003
baseline ondition and the 2011 conservation condition, but opportunities for improvement remain on nearly half of the acres in the
region:
1 Cropped acres withigh needs for additional conservation treatment for one or more resource cdriicpancentage point
decine, from 19 to 4 percent of cropped acres;
1 Cropped acres witmoderateneeds for additional conservation treatment for one or more resource canagrtained 2003
06 conservation levelat 40 and 42 percent of cropped acres in ZDMand 2011, respteely; and
1 Cropped acres with adequate conservation treatmeloyvareeds for additional conservation treatment for one or more
resources concerfi3 percentage point increaseom 41 to 54 percent of acrés.

Significant progress was made on adoptf complementary structural and vegetative practices, such as cover crops-felge

filters, and buffers, all of which reduce sediment and nutrient losses associated with runoff. Under the 2011 consaditition co

only 15 percent of cropped &srwere in need of additional treatments to prevent sediment loss and only 11 percent of acres requirec
treatment for sheet and rill erosion to prevent exceedance of the soil loss tolerance (T). In-0@ [22893ine condition, 42 percent

of acres had atitional need for erosion control treatment and 28 percent were in need of further treatment to prevent exceedance of
In the 2011 conservation condition, only 3 percent of cropped acres had a high need for additional soil erosion cohieleet 1

had a moderate need. Adoption of the complementary structural and vegetation practices also contributed to a shiftendsidion
cropped acres in the Chesapeake Bay region, which were, on average, losing carbon in@éeb286Bne condition, butere, on

average, maintaining carbon in the 2011 conservation condition. Conservation gains made largely via adoption of ptaesces suc
cover crops, conservation tillage, and high residue wrtgtionsrequire careful planning and persistence in otdenaintain the

levels of erosion reduction, sediment loss reduction, and carbon gain realized in 2011 conservation condition.

The greatest conservation need in the region in -P@@mained the greatest opportunity for increased conservation gairislin 20
adoption of consistent nutrient application management adhering to the 4Rs: right rate, timing, anetfuyd) of application. In
some cases, only minor adjustments to an existing nutrient management plan are needed to bring the managememt up to curr
standards (590 practice code for Nutrient Management), while other acres require more extensive adjustments.

As of 2011, most cropped acres had some nutrient application management practices in use, but 46 percent of cropihed acres in
region wouldbenefit from additional treatment to better prevent sediment, nitrogen, or phosphorus loss from fields. Although all acre
with high needs for subsurface flow losses were treated in the 2011 conservation condition, 36 percent of croppecheedesl still
conservation treatments to address nitrogen loss in subsurface flow pathways, most of which returns to surface wadeaittagegh
ditches, tile drains, natural seeps, and groundwater return flow. Adoption of erosion control prevention practickaceshge

needing treatment for surface nitrogen losses from 35 to 14 percent of cropped acres betweerOthéa88e condition and 2011
conservation condition, respectively.

Effects of Conservation Treatment on Water Quality in the Chesapeake Bay

Reductions in edgef-field losses translate into potential improvements in water quality in streams and rivers in the region. Transpor
of sediment and nutrients from farm fields to streams and rivers and ultimately into the Bay involves a variegseéprarnd time

lags. Nutrient and sediment dynamics at the exfgfeeld do not directly or immediately relate to instream loads measured in rivers,
streams, and the Bay, all of which may be impacted by storm events, tidal surges, and the legacyhdfysssaled management.

2011 Agricultural Achievements in Conservation
Rel ative to condi tpiroancst isciemuslcaetneadr iiond ,t hien finnhoi ch no conser vat
the 2011 conservation condition reduced tasabisdelivered from the edgef-field to rivers and streamby:

1 82 percent for sediment;

1 44 percent for nitrogen; and

1 75 percent for phosphorus.

As compared to the 20686 baseline condition, the 2011 conservation condition reduced delivery by:
1 60 percenfor sediment;
1 20 percent for nitrogen; and
1 41 percent for phosphorus.

! Rounding causes apparent mathematical discrégmnc



Sediment and nutrients being delivered to the Chesapeake Bay come from a variety of sources, including cultivated aytgwiend, h
forestland, andirban landsThis is not an assgsient of overall progress in conservation on all acreage in the Chesapeake Bay.
Rather, this report holds the sediment and nutrient contributions of all other land uses at thet @8 for all analyses, enabling
an unencumbered comparison of gairede due to changes on cultivated cropland between the0B0&3d 2011 surveys. Relative to
the no-practicescenario, the 2011 conservation condition reduced total eldered to the Bayall sourced instream loads) by:

1 22 percent for sediment;

1 17 percent for nitrogen; and

1 21 percent for phosphorus.

As compared to the 20d86 baseline condition, the 2011 conservation condition reduced delivery by:
1 8 percent for sediment;
1 6 percent for nitrogen; and
1 5 percent for phosphorus.

Targeting

Not all acre suffer the same losses and not all acres provide the same benefit from conservation treatment. Some acres are inhere
more vulnerable, such as those that are highly erodible or have leq@chirgsoils. These more vulnerable acres tend to lose more
sediment and/or nutrients than do less vulnerable acres. Therefore greaterepeenefits can be attained with focused

comprehensive conservation treatment on these most vulnerable acres. One strategy of conservation treatment isdoikarget the
with the highest inherent erosion and leaching risks for enhanced treatment with a comprehensive conservation trealmtet plan.
case of the Chesapeake Bay, the region as a whole has been targeted with an intensification of conservation practessi@ou con
programming, including the Chesapeake Bay Watershed Initiative. Analyses included in this report demonstrate thatehis region
targeting approach is working. However, while substantial progress has been achieved, there are still undertreatechatres

improved conservation practice adoption could make significant impacts on sediment and nutrient losses.



Chapter 1
Sampling and Modeling Approach

Scope of Study

This study was designed to provide a regiestalle evaluation

of the trends irand effects of conservation practice adoption
in the Chesapeake Bay regimni200306 as compared to

2011. This reportonsiders conservation practice impacts at
two scales: at the edg#e-field and on instream water quality.
Simulated sediment, soil canporitrogen,andphosphorus
dynamicsrelated to reported changes in conservation practice
adoption are analyzedhis report:

1 Evaluates the extent of conservation practideption
in the region as of 2011, with specific comparison to
the benchmark condith observed in 20086 and a
hypot hmpracticeél cidndi ti on i
conservation practices are applied
Estimates thanticipatedong-term environmental
benefits and effects of conservation practices in use in
2011, with specific comparison taticipated long
term effects of practices in place200306 and a
hypot hmpractcel cdndi ti on i
conservation practices are appliadd
Estimates conservation treatment neadsropped
acres irthe region as of 201 with specific
conmparison to conservation treatment needs on
cropped acres identified during the benchmark period
of 200306.

n

n

This study quantifies and compares the anticipated-teng
impacts of conservation practices in place@3-06 and

2011, regardless of how, wineor why the practices came to

be in use. It includes practices adopted by farmers on their
own, as well as practices that are the result of state or local
programs Because it igot restricted to practices associated
with Federal conservation prograjtsis report should not be
considered an evaluation of Federal conservation programs
The model results provide estimates of average benefits
achievable through lontgrm adoption of the conservation
practices surveyed to be on the ground in 200®r 201.

These longerm estimates are based on the assumption that
weather patterns observed over the last half century continue
into the future. The longerm nature of the simulations also
produces results that may be expected once conservation
practices onhte ground in 20086 and 2011 actually take
effect. This report was designed to provide a {grgn view

of conservation practice impacts, rather than to simulate water,
sediment, and nutrient dynamics actually observed in the years
200306 and 2011. Dusntthe impacts of legacy sediments and
legacy nutrients, the benefits of conservation practices are
often not measureable for a number of years-pasallation.

To put this another way, the instream measurements taken in
200306 and 2011 reflect the legaof prior management

rather than the benefits of conservation practices on the
ground during the two survey periods. Legacy impacts and
associated timéags are further addressed in Chapter 5, which
also addresses benefits of agricultural conservatictipes

on sediment and nutrient loads delivered to the Chesapeake
Bay.

It is beyond the scope of this report to estimate gains that
could be attained withdoption ofadditional conservation
treatmentdeyond those in use in 201A subsequent
publicatian will explore the potential impacts of enhanced
conservation practice adoption and targeting of specific
acreage for various natural resource goals. The subsequent
publication will also consider more specific economic aspects
of natural resource manageménthe Chesapeake Bay

region, including estimation of benefits associated with
various investment strategies and increments of investment in
conservation ogropped acres in the region

National Resources Inventory (NRI) data were updated
between thevto survey periods, enabling the update of
cropped acres for the 2011 period. The 2083 ropped acre
estimates are based on acreage weights derived from the 2003
NRI, while the estimates for cropped acres in 2011 are based
W dhiadehge Wéights frothe 2007NRI. Cropped acreage
amounts, management of cropped acres, and conservation
treatments applied to the cropped acres were the only changes
simulated between the two survey periods. Impacts of all other
land uses were held constant across all analysesfoher
this report provides a focused analysis on conservation gains
wWduk & EhanBe® in conservation practices on cropped acres at
both the edg®f-field and instream scales.

The 2007 NRI indicates the Chesapeake Bay region has about
4.4 million acres otultivated croplandThe estimated

cropped acreage was 4.28 million acres for the ZWPBeriod

and 4.35 million acres for the 2011 survey, a difference of less
than 2 percent, and within the margins of error for both
surveys.

For purposes of this repodropped acresclude land in row
crops or closgrown cropsandhay and pasture in rotation
with row crops and closgrown crops. Cultivated cropldn
does not includéand that has been in hayagiure, or
horticulture for 4or more consecutive yearBhis report does
not consider conservation gains made between-p80ahd
2011 on any other land use other than cultivated cropland.

The timing of this reporis not coincidentvith a release of
information on land use by the USGS National Land Cover
Dataset (NLCD).Thereforeacreage estimatés this report
derived from both the National Census of Agriculture and
NLCD are idential to data applied in the original USDA
NRCS CEAPreportfor the Chesapeake Bay region (USDA
NRCS 2011; Appendix A)

Sampling and Modeling Approach

The assessment uses a statistical sampling and modeling
approach to estimate the environmental effects and benkfits o
conservation practices (fig. 1.mhe following methods were
used:

1 The 771 points sampled for the 2008 basehe are a
subset of sample points from the 2003 NRhe 904
points sampled for the 2011 dataset are a subset drawn
from the 2007 NRI. These collections provide two

2Information about the -CEARErogaadnp!| e de¢
Survey Design and Statistical Docume
http://www.nrcs.usda.gov/technical/nri/ceap



http://www.nrcs.usda.gov/technical/nri/ceap

statistical samples selected from the same population of
points representing the diversit§ soils and other
conditions for cropped acres in the Chesapeake Bay
region.All NRI sample points are linked to NRCS Soil
Survey databases and are linked spatially to climate
databases for these analyses;

During both sampling periodafarmer surve§ the
NRI-CEAP Cropland Surveéy was conducted at the
NRI sample points to determine what conservation
practices were in use and to collect detailed
information on farming practices

The fieldlevel effects of the crop management and
conservation practices weestimated with a field

scale physical process modehe Agricultural
Policy/Environmental eXtender (APEX)which
simulates dayo-day farming activities, wind and water
erosion, loss or gain of soil organic carbon, and edge
of-field losses ofvater, soil, ad nutrients; and

The SWAT model (Soil and Water Assessment Tool)
was used to simulate ngroint source loadings from
land uses other than cropland and to route instream
loads from one watershed to another.

Figure 1.1. Flow diagram of tistical samphg and modeling
approactused to simulateffects of conservation practices

Sampling and Modeling Approach
Farm survey data Field-level Onsite
at NRI-CEAP | ——| modeling | —> | (field-level)
sample points APEX Effects
Watershed Off-site
modeling | —| Water Quality
SWAT Effects

The modeling strategy for estimating the letlegm effects of
conservation practices in pladaring the benchmark survey
of 200306 as compared to longrm effects of consertian
practices in place in 2011 consists lufsemodel scenarios
produced for each sample point:

1. The A2011 current conserva
provides model simulations that account for cropping
patterns, farming activities, and conservation prastic
as reported in the 2011 NFRJIEAP Cropland Survey
and other sources

. The&0ogd6baseline
scenario provides model simulations that account for
cropping patterns, farming activities, and conservation
practices as reported in tB60306 NRFCEAP
Cropland Survewnd other sourcesnd

3. A fimroacticeod

adoptinganyconservation practices on croplands, but
holds all other model inputs and parameters the same

. . htt
scenar i aot s mUl_gl

as in the2003:06 baseline conservatiarondition
scenarioThis scenario providsperspective on the
benefits of all conservatigoracticeson cultivated
cropand and the loads that would impact the
Chesapeake & if no conservation practices were
adopted on cultivated cropland in the watershed
(Appendix B).

The approach captures the diversity of land use, soils, climate,
and topography from the two NRI sampling periods; accounts
for site-specific farming activities; estimates the loss of
materials at the field scale where the science is most
developedand provides a statistical basis for aggregating
results to theegional and nationd¢vels. Both200306 and
2011 scenarios relied heavily on four sources of conservation
practice information:

1. NASS CEAP Farmer Surveys;

2. National Resources Inveary (NRI);

3. Conservation Plans on file at NRCS district field
offices and
Repors onConservation Reserve Enhancement
Program CREPB andContinuous Conservation
Reserve ProgranCCRP practices from USDA FSA
offices.

4.

The CEAP sample was signed to enablreporting of results

for the four subregions {digit HUCs) within theChesapeake
Bayregion. The acreage weights were derived to approximate
total cropped acres bydigit HUC, as estimated by the full

2003 and 2007 NRI. The sample siestrictsreliade and
defensible reporting of results the subregion level. Acres
reported using the CEAP sample are estimated acres. Margins
of error for estimated acres used in this report are provided in
Appendix C

Sampling: The NRI-CEAP Cropland Survey
Analysesfor cropped acreis this report with the exception of
Table Alin Appendix Aand Chapter Sre based on an NRI
CEAP Cropland Survey administered by the USDA National
Agricultural Statistics Service (NASSyarmer participation
was voluntary, and the infmation gathered is confidential
The survey content was specifically designed to provide
information on farming activities for use with a physical
process model to estimate fidkelel effects of conservation
practices.

Data fromtheoriginal 771 samplgointscollected in 200396
provide a 20036 baseline condition against which to

compare the 2011 conservation condition, which was based on
Bnalfs@s 0804 darfiple hdints Rdlect8d2®L ¥ df tHe 904
sample points visited in 2011, 364d been samplédd the

200306 surveyThe selection of these 364 points was purely
coincident in the random sample draw. Thessampled

points were not preferentjally selected, as that would violate

conservati ohe SifchlEs of the t&tistical framework designed to

% The surveys, thenumerator instructions, and other documentation can be
found at
:/[www.nrcs.usda.qov/wps/ﬁ?it)algrgs/fjetaiI/(51a,|1i0nalltechnical/nra/ceap/?c

id:nrcsf‘éla"b 014!L6:§I €


http://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/technical/nra/ceap/?cid=nrcs143_014163
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/technical/nra/ceap/?cid=nrcs143_014163

represent th€hesapeake Bay region. Selecting specific points
for resampling would not only violate the rigorous statistical
approach derived for NRI sampling, but would also shift the
focus of the report away from a regional analysis to
consideration of changes ab#e specific points. Intentional
point resampling might also lead to bias due to changing land
use, ownership, or tenure, and landowner/operator refusal to
participate in future surveys.

Relevant to this report, the survey obtained information on;
1 cropsgrown in the survey year and the&vious

years, includig double crops and cover crops;

1 field characteristics, such as proximity to a water body
or wetland and presence detor surface drainage
systems;
conservation praittes associated with the field
crop rotation plan;
application of commercial fertilizers (rate, timing,
method, and form) for crops grown in the sywear
and the 2 previous years;

9 application of manure (source and typatrient
content,consistency, application rate, method, and
timing) on the field in the sury year and the 2
previous years;

9 irrigation practices (syste type, amount, and
frequency);

1 timing and equipment used for all field operations
(tillage, planting, cultivationandharvesting) in the
survey yar and the 2 préous years; and

1 general characteristics of the operator and the
operation.

=a =4 =4

In a separate survelRCS field offices provided information
on the practices specified in conservation pfanshe
selected points the region.

The 771 sample points froB003.06 were a subset of a
national surveydata collection was necessarily a mytiar
effort due tathe large number of sample ptirsurveyed
nationally In the fall of 2011 the Chesapeake Bay region was
the only area of the country where points wesampled,
enabling all points to be sampled in a single yeaeach
sampling period, surveys were olnigdl for a statistically
appropriaterepresentative set of sample poirtse final

CEAP samplavas constructed byooling the set of usable,
complete surveys from each survey period.

Modeling Changes, Issues, and Assumptions

APEX Model Version Changes

In this report, the 20086 and 2011 datasets were each
analyzed with the newest version of the APEX model,
APEXv1307.The APEX model is dynamiand APEX
developers continuously upgrade, amend, or add to its

modeling routines as new technologies emerge, as the science

of modeling natural processes improves, astihe needs of
new users introduce the model to new applicati®hs. APEX
simulation reslis reported in the original USDA NRCS CEAP

report for the Chesapeake Bay region were analyzed with an
older version of APEX, APEXv2110 (USDA NRCS 2011).
Changes in the model versions contribute to the differences
between simulated results reported here200306 and those
reported in the original report for the same survey period
(USDA NRCS 2011).

The APEX model version 1307 used in this report
incorporates significant improvements in the routing of
surface and subsurface losses of nutriantssedirants from

one subarea to the neXthe upgradeslso enable

APEXv1307 to more accurately simulate the mitigating effects
of buffers, filters, and drainage water managemeredgeof-

field lossesThe new model version aldeetter addresses
changing conseation practice needs and impacts due to
climate change predictions.

Erosion Equation Changes

The APEX component for waténduced erosion simulates
erosion caused by rainfall, runoff, and irrigatiedREX
contains eight equatiorrgpable of simulatingarnfall and
runoff erosionthe Universal Soil Loss Equation (USLE);
OnstadFoster modification of the USLEhe Revised
Universal Soil Loss Equation (RUSLE); RUSLEZ2; the
Modified Universal Soil Loss Equation (MUSLE); two
variations of MUSLE and a MUSLE sucture that accepts
input coefficientsin any given simulatiorthe model user
specifiesonly one of the equatione interact with other
APEX components.

This report uses the soil loss equation MUSLE, rather than
MUST (Modified UniversalSoil loss eqiationTheoretical),
which was used irheoriginal Chesapeake Bay region CEAP
report (USDA NRCS 2011). This change contributes to
differences in model outputs used for analyses in each of the
two reports. This improvement is one reason that the
simulationresults reported here for 2008 data differ from
those in the original report (USDA NRCS 2011).

In the original report, MUSTa theoretical version of the
modified universal soil loss equation (MUSLE)asthe
erosiondriverin APEX (USDANRCS 2011)Compared to
MUSLE, theMUST equation tends to be more sensitive to
lower, less intense rainfall and runoff evemtisdgenerates
higher sediment yields for these events. MUST also tends to
deliver slightly more sediment for areas smaller than 40 acres.

This report, and future CEAP modeling efforts, will use the
MUSLE equation as the specified driver in APBXUSLE
enables better simulation of variable field dimensions and
sizes and provides better sediment yield estimates for more
significant eventsMUSLE sensitivity also facilitates a better
determinatiorof conservation treatment needs in relation to
the potential for increasing frequency and intensity of storm
events associated with climate changewever, the adoption
of MUSLE over MUST will tend toricrease model estimates
of nutrient loss via surface runoff pathways and decrease
estimates of nutrients lost by subsurface pathways for all
climate scenarios.



Soil Data Changes

Each NRI CEAP point is linked to a soil map unit and the
interpretive soilsnformation contained in the NationaliSo
Information System (NASIS) his database was designed to
support NRCS conservation planning needs and provide inputs
for the agencyds empirical er
NASIS data wasot designedo meetthe needs of many of

the proces®ased equations in the APEX modehe NASIS

data for soil properties is organized in layers which may be
composed of one or more soil horizomke surface layers

have the properties of the first horizon throughout therla
Subsequent layers usually have the properties associated with
the most limiting horizon within the layetlthough useful in
empirical modelsthis approach creates unnatural boundaries
between soil layers, which, when input into prodeased
models,unrealistically impact water flow, root growth, soil
organic carbon, pHand bulk densityNASIS also tends to
overestimate soil carbon stores since the surface carbon
content is assumed to extend throughout the efintitesoil
layer.Further, onstrucion of the NASISdatabase imnd-use
independent; therefe, some map unit values may not be
reflective oftheland usedeing modeled.

In the modeling procesassed in the original Chesapeake Bay
region CEAP report (USDA NRCS 201 NASIS challenges
were addressed by adjisg the affected model parameters
and/or soil data input3.he adjustments for the soil layer data
were obtained from the national soil characterization database,
which is derived from point data and organized by horiztins.

is the coe data upon which the interpretive data in NASIS is
basedAdjustments applied to overcome the idiosyncrasies of
the NASIS data, such as the aforementioned issue with
artificial boundaries between solil layers, often disallowed
appropriate simulation of ¢heffects of a limiting horizon

within a layer.To eliminate this problem, this and future

CEAP reports will use horizebased data from the soil
characterization database or a close taxonomic representative
for each map unifThis improvement is one reasthat the
simulation results in this report are slightly different for 2003
06 data than they were in the original report (USDA NRCS
2011).

All other interpretive data elements from NASIS for key
model inputsvere used without modificatiom hese

propertes are for interpretations such as water table depth,
flood frequency, ponding, soil albedo, and other properties
used by some of the more empirical model relationships and
equationsThese properties are also used for categorization
and data analysis.

Simulating the Effects of Weather

Weather is the predominant factor determining the loss of soil
and nutrients from farm fields; weather also plays a large role
in determininghe effects of conservation practices. To
capture the effects of weather, eachrsario was simulated
using 52 years of actual daily weather dataus, in this

report, the weather period provides data on 5 more years of

weather than were available during the analyses conducted for
the original Chesapeake Bay region CEAP report (USDA
NRCS 2011)This improvement in weather input data
contributes to slight differences in model outputs used for
analyses in each of the two reports.

osion and engineering model s.
The 52year serially complete daily weather datfor the
Chesapeake Baggionused in this report ihe extent of the
dataavailable from the National Climatic Data Center

(NCDC). Weather was recorded for the period 1960 to 2011,
including precipitation, temperature maximum, and
temperature minimum (Eischeid et al. 2000). Thesather
stationdata werecombined with the respective PRISM
(ParametdrElevation Regressions on Independent Slopes
Model) (Daly et al. 1994) monthly map estimates to construct
daily estimates of precipitation and temperature (Di Luzio et

al. 2008). The same 32ass of weather dat were applied to

both the 208-06 and the 2011 datasets used in the APEX and
SWAT model simulations.

Annual precipitation over the 52 years ranged from 31 to 59
inches, and averaged about 42 inches for cropped acres in this
region.Annual precipitation &ried spatially within the region

and between yearReported estimates of the average effects

of conservation practices include consideration of
effectiveness in extreme weather years, such as during floods
and prolonged droughts, as captured in the abtariability
inherent in the 53ear weather record.

Throughout most of this report, model results are presented in
terms of the 53/ear model runs, where weather is the only
input variable that changes from year to y&¥e. did not
simulateactuallosses expected to be observed during200

and 2011. Rather, model outputs prediotragelong-term
impacts of cropping patterns and conservation practices
repated to be in use during 20@®% or 2011, assuming

weather patterns observed from 1960 to 2Qdritinue.

Watersheds

According to the U. S. Geol ogi
accounting system, the Chesapeake Bay ragidadesfour
subregions within the Mid\tlantic Water Resource Region.

Each water resource region is designated withdag2 code,

ard may be divided into-dligit subregions, which may be

further subdivided into-8ligit watersheds, or Hydlogic Unit
Codes (HUCs) (USG3$980).

Agricultural land use within eaasf the four subregions in the
Chesapeake Banegion is summarized in Tablell The

Upper Chesapeake Bay subregion is the smallest subregion
and has the highest comtgation of cropped acrg$8

percent). About 11 percent of the largest subregion, the
Susquehanna River subregion, is maintaineddpmed acres
About threefourths of the copped acrem the regiorarein

the Susquehanna River and Upper Chesapeake Bay



subregions. The remaining two subregidhge Potomac River Chesapeak Baywatershedxcludegwo 8-digit watersheds in

Basin and the Lower Chesapeake HBaye 8and5 percent of the Upper Chesapeake Bswyiregion that drain to the Atlantic
ther land base ircropped acres, respectiye Ocean (&digit HUCs 02060010 and 02080110). The area that

includesthese two watersheds is referred to as the Chesapeake
Estimates presented in this report for fitdael effects of Bayregion

conservation practiceslt{apters 24) arefor the Chesapeake
Bayregion whereas estimates of instream water quality
effects (Chapter bare for the Chesapeake BagtershedThe

Table 11. Agricultural land use in the four subregions of the Chesapeake Bay region, 2011.

Percent of
Chesapeake Bay
Subregion Total Cropped acres Percent of subregion regionés cropped
code Subregion name Acres (thousands)* (thousands)** in cropped acres acres
0205 Susquehanna Rive 17,596 1,996 11 46
0206 Upper Chesapeake Ba 5,773 1,021 18 23
0207 Potomac RiveBasin 9,404 733 8 17
0208 Lower Chesapeake Ba 11,080 603 5 14
Total 43,853 4,353 10 100

* Source 2001 National Land Cover Bebase for the Conterminous United Stdkésmer et al. 2007)
** Source:2007 Natiorl Resources Inventaripoes not include acres in lotgrm conserving cover (i.e., CRP general signups).



Chapter 2
Evaluation of Changes in Conservation
Practice Used 2003-06 to 2011

This study asssses the lonterm effecs d conservation
practices in usa the Chesapeake Bay region in 2011. It
further provides a 2011 conservation condition for the region,
against which changes in conservation gains and needs sinc
the 200306 benchmark survegnay be gauged.

Theoriginal Chesapeake Bay region CEAP remmplied

APEX t0200306 survey data toonstruct a baseline
conservation conditioiJSDA NRCS 2011)However, model
improvements and changes in soils and weathtr made it
imperative thathe 200306 data be reanalyzddr this report.
The 200306 and 2011 data have both been analyzedtivith
most current version of the APEX modelorder to provide a
revised baseline and emable comparisons between the
survey periodsConservation practices/aluated include
structural, vegetativandannual practicesMethods for
counting practices and thresholds were revised and improved
during the time between the two reports, which also
contributes to slightly diffrent classifications between the two
reports.

TheUSDA NRCS promotes a comprehensive
conservation plan to address all resource
concerns, recognizing there are no single
practice solutions to address all resource
concerns and that some positive actions for on
resource concern may require additional effor
to offset any negative impacts on another
resource. It is not the intent of this report to
parse or isolate the individual effects of each
conservation practice adopted. This report was|
designed to assess the impacts of the
conservation systems in plaaethe time of the
two surveys. Simulation modeling was applied
predict the anticipated long term impacts of
these practices if they are maintained into the
future.

Historical Context for Conservation Practice

Use

Conservation practices have long been used in the Chesapeake
Bay region. The first numeric goals for nutrient pollution
rediction were set in the 1987 Chesapeake Bay Agreement. In
the early 1990s the Chesapeake Bay region states prioritized
addressing the issue of nutrient managentintilarly, during

the 1990s, NRCS conservation efforts began to broaden from
prevention of sdierosion and enhancement of production
sustainability to encompass goals of reducing other
environmental impacts associated with agricultural
production, including reducing nutrient export from farm
fields. Although traditional conservation practices used
control surface water runoff and erosion mitigate a significant
portion of potential nutrient losses, additional gains can be
achieved with adoption of appropriate practices designed for
nutrient management. For example, management strategies
that adopthe 4Rs (right rate, right timing, right method, and
right form of nutrient applicatior)elp achieve the avoidance
component of an Avoid, Control, Trap (ACT) conservation
system approach byinimizing nutrient losses to the
environment while maximizingvailability of nutrients for

crop growth.

The Avoid, Control, Trap approach operates on the concept
that land managers adopt conservation systems that include
practices thaf\void excess tillage and nutrient application in
order to avoid sediment andtriant losses. Some losses

cannot be avoided. In these instances practices such as terraces
or contouring helgControl losses from the crop field.
Complementing thé&voidandControl components of the

system a third layer of conservation protection prastire
designed tdarap runoff or leaching losses from the production
area. Thélrap practices includes filter strips, buffers, or in the
case of subsurface losses, drainage water management. Under
certain circumstances, wetlands may be constructed or

resbred to trap both surface and subsurface losses.

Given the long history of conservation in the Chesapeake Bay
region, it is not surprising that nearly all cropped acres in the
region have evidence of some kind of conservation practice,
especially erosionontrol practices. Conservation practices
continue to make headway in important, measurable ways.
The most striking changes in conservation practice adoption
noted between the two survey periagidude significant
increases in adoption of structural fgfees, conserw#n

tillage, and cover crops.

Structural and vegetative conservation practi¢ederred to
as fAstructur al practiceso her
usually kept in place for several years. Designed primarily for
erosion controlstructurd practicesalso mitpate edgef-field
nutrientlosses, providing both the controlling and trapping
benefits in a comprehensive Avoid, Control, Trap (ACT)
conservation plarstructural practicemclude:
1 in-field practices for water erosion control, dig@linto
two groups:
1. practices that control overland flow (terraces,
contour buffer strips, contour farming,
stripcropping andcontour stripcropping and



2. practices that control concentrated flow (grassed
waterways, grade stabilization structures,
diversims, and other structures for water control)

1 edgeof-field practices for buffering and filtering
surface runoff before it leaves the field (riparian forest
buffers, riparian herbaceous cover, filter strgosc

field borders)

1 irrigation practices (irriggn method and irrigation
water management); and

1 wind erosion control practices (windbreaks
shelterbeltsgrosswindtrap strips, herbaceous wind
barriers,andhedgerow planting).

Annual conservation practs are management practices that
are an active grt of the crop production system each year.
These praices are designed to promote soil quality, reduce
in-field erosionand redge the availability of sediment and
nutrientsfor transport by wind or water. They include:

1 residue and tillage management;

1 conservation crop rotations;

I nutrient managememand

9 cover crops.

Structural Conservation Practices

Structural practicesnal conservation tillage have been
adopteddn nearly alkcropped acrei the regiorand typically
provide the control and trap conmpnts of the ACT system
approach. These practicesre the primary drivers behind
reductions irsediment anautrient losses from farm fields
betweer2003-06 and 2011. Cover crop adoption was also a
significant driver of impoved conservation management.
Cover cropsespecially when used in combination with
conservation tillage or structural practices, had significant
impacts on reducing edg#-field losses.

Data on structural practices associated with each sample point
were obtained from four sources:
1. The200306 and 201NNRI-CEAP Cropland Surveys

contour stripcropping, field stripcropping, terraces,
crosswind stripmpping, crosswind trap strips,

diversions, field borders, filter strips, grassed waterways
or outlets, hedgerow planting, herbaceous wind barriers,
riparian forest buffers, and windbreak or shelterbelt
establishment.

The methods for identifying and desping modeling
techniques for the practices reported in these four sources
were improved in the interim between this and the original
Chesapeake Bay region CEAP report (USDA NRCS 2011).
These improvements, which altered practice counts in the
200306 dataas compared to the original report, also required
that the 20026 and 2011 data both be analyzed under the
same constraints to enable comparison in this report.

Overall,adoption of structural practices for water erosion
control increased in the Chesagke Bay region during the
interim between the twieports (table 2.1). Ithe Chesapeake
Bay region, between 2003 and 2011, the following changes
were noted on all cropped acres:

1 Adoption ofone or more structural practice for water
erosion control14 percentage point improvement
increasingrom occurring orb2 to 66 percentf
cropped acres;

1 Cropped highly erodible land (HEL) acres treated with
one or more structural practice for water erosion
control:maintained 20036 conservation levelat 70
percent

1 Cropped acres with adoption of two more structural
practices for water erosion controll6é percentage point
improvementincreasingrom occurring on 17 to 33
percenof cropped acres; and

1 Cropped HEL acres treated with two or more structural
pradice for water erosion controb. percentage point
improvementincreasing from 23 to 29 percent of
cropped HEL acres.

which included questions about the presence of structural Additionally, the surveys suggeatpositive trend in adoption
practicesterraces, grassed waterways, vegetative buffers of all three erosion control practices (overland flow,

(in-field), hedgerow plantings, riparian forest buffers,
riparian herbaceous buffers, windbks or herbaceous
wind barriers, contour buffers (iireld), field borders,
filter strips, critical area planting, grassed waterways,
and grade stabilization structures

2. For fields with conservation plansdRCS field offices
provided data on all structarpractices included in the
plans;

3. TheUSDA Farm Service AgencyFSA) provided
practice information for fields enrolled in the Continuous
Conservation Reserve Program (CCRP) and

Conservation Reserve Enhancement Program (CREP) for

the following structurapractices: contour grass strips,
filter strips, grassed waterways, riparian buffers (trees),
and field windbreaks (Rich lovanna, USDA FSA,
personal communication, 2013); and

4. The2003and2007 National Resources Inventory
(NRI) provided additional informain for practices that
could be reliably identified from overhead photography
as part of the NRI data collection process. These
practices include contour buffer strips, contour farming,

concentrated flowand edgeof-field mitigation) on all

cropped acres and cropped HEL actéswever, throughout
this report changes of 5 percent or less are considered to be
maintaining 20036 conservation levels.

Overland flow control practices are designed to slow the
movement of water across the soil surface, thereby reducing
both surface water runoff and sheet and rill erosion. NRCS
practice standards for overland flow control include terraces,
contour farming, stripcropping, ifield vegetative barriers,
and field baders.Overland flow control practices are the most
commonly implemented structural practice in the Chesapeake
Bay region. Between 20036 and 2011, the following
changes in overland flow control practice adoption were noted
(table 2.1):
91 Overland flow cotrol practice adoption on all cropped
acres:7 percentage poirimprovementincreasing
from occurring on 38 to 45 percent of cropped acres;
1 Overland flow control practice adoption on Roighly
erodible lands (NHEL)13 percentage point



improvementincreasing from occurring on 29 to 42
percent of cropped NHEL acres; and

1 Overland flow control practice adoption on highly
erodible lands (HEL)6 percentage point decline
decreasing from occurring on 55 to 49 percent of
cropped HEL acres.

For the purposes dis report tillage management, residue
management, and cover crop adoption are not analyzed as
solely overland flow control practices. However, these
practices are often used in conjunction with overland control
practices or in lieu of overland contraigatices, especially
when slopes are gentler or fields have complex contours,
which make the more engineered overland flow control
practices difficult to implement and maintain.

Concentrated flow control practices are designed to prevent
the developmentf gullies along flow paths within a field.
NRCS concentrated flow control practice standards include
grassed waterways, grade stabilization structures, diversions,
and water and sediment control basifisese practices are
typically installed to control &th ephemeral and classic
gullies. Concentrated flow control practices used in
conjunction with overland flowontrol practices can have a
significant impact on sediment loss from cultivated cropland.
Between 20086 and 2011, the following changes in
corcentrated flow control practice adoption were noted (table
2.1):

1 Concentrated flow control practice adoption on all
cropped acrest1 percentage poinmprovement
increasing from occurring on 20 to 31 percent of
cropped acres;

1 Concentrated flow controlrpctice adoption on nen
highly erodible lands (NHEL)10 percentage point
improvementincreasing from occurring on 13 to 23
percent of cropped NHEL acres; and

9 Concentrated flow control practice adoption on highly
erodible lands (HEL)8 percentage pointiprovement
increasing from occurring on 35 to 43 percent of
cropped HEL acres.

Edgeof-field buffering and filtering practices are designed to
capture the surface runoff losses that are not mitigated by the
in-field conservation practices. NRCS practtandards for
edgeof-field mitigation include edgef-field filter strips,
riparian herbaceous buffers, and riparian forest buffers.
CCREP and CRERuffer practices are included in this
categoryBetween 200896 and 2011, the following changes
in edgeof-field mitigation practice adoption were noted (table
2.1):

1 Edgeof-field mitigation practice adoption on all
cropped acreslt7 percentage point improvement
increasing from occurring on 14 to 31 percent of
cropped acres;

1 Edgeof-field mitigation practiceadoption on non
highly erodible lands (NHEL)21 percentage point
improvementincreasing from occurring on 15 to 36
percent of cropped NHEL acres; and

1 Edgeof-field mitigation practice adoption on highly
erodible lands (HEL)13 percentage point

improvemat, increasing from occurring on 11 to 24
percent of cropped HEL acres.

Wind erosion is not a significant problem for most cropland
acres in this regioWind erosion control practices are
generally found on acres on which crops such as vegetables
and mebns are produced. Soils prone to wind erosion are
commonly found in the coastal plain region and tend to be
sandy or organic. Simulations show in 2a@8and 2011, 93

and 96 percent of cropped acres had average annual wind
erosion rates less than 0.1 toespectively. The simulated
maximum average annual amount of soil lost per acre to wind
erosion under the 2003 baseline condition or 2011
conservation condition was 3.3 tons, but some acres in some
years can lose as much as 25 tons of soil to windarohe

few acres in the region vulnerable to wind erosion due to their
combinations of cropping systems and soil types show
significant improvement with conservation practices. There
are so few of these acres in this regional context that analysis
of thebenefits of wind erosion control practices are
impractical in the scope of this report. It should be noted,
however, that many of the practices intended to reduce
sediment loss to water erosion also have beneficial impacts on
reducing wind erosion losses.

Residue and Tillage Management Practices
Tillage type impactsonservatiorgoalsfor several reasons:

1 Tillage may providéetter aeratiomnd weed control
but there are also potential negative effects, including
increased respiration rates, which conitéto soil
organic carbon loss, a decline in agroecological
diversity, and a decline in density of soil organisms;

1 Tillage breaks up and buries plant residues, reducing
the soil surface protection against erosion;

9 Tillage may compact the soil, decreasswj health
and possibly stressing crop roots;

1 Tillage operations require time and energy inputs,
which increase operational costs and increase carbon
dioxide emissionsand

9 Periodic use of more intense tillage alternated with
conservation tillage can sigicantly reduce or
eliminate the positive effects of conservation tillage.

Simulations of the use of residue and tillage management
practices were based on the field operations and machinery
types reported in the NRTEAP Cropland Survey for each
samplepoint. The survey obtained information on the timing,
type, and frequency of each tillage implement used during the
previous 3 years, including the crop to which the tillage
operation was applied.

The Soil Tillage Intensity Rating (ST)JRUSDA NRCS2007)
was used to determine the soil disturbance intensity for each
crop at each sample point for each year included in the NRI
CEAP Cropland Survey200306 and 2011). STIR values are
a function of the kinds of tillage, the frequency of tillage, and
the deptk of tillage. Analyzing the STIR values for each crop
year in conjunction with model output on leteym soll

organic carboifSOC)trends elucidated the connections
between tillage intensity and carbon dynamics, including
carbongain, maintenance, or loss.



Table 2.1 Structural conservation practices in use in the Chesapeake Bay @@(&@6 and 2011.

200306 2011
Percent Percent
200306 2011 200306 2011 of all of all
Structural practice Percent  Percent Percent Percent cropped cropped
category Conservation practice of NHEL of NHEL of HEL of HEL acres acres
Overland flow control Terraces, contour buffer strips, contou
practices far_mlng, stripcropping, contour 29 42 55 49 38 45
stripcropping, field border, #ield
vegetative barriers
Concettrated flow control Grassed waterways, grade stabilizatio
practices structures, diversions, other structur 13 23 35 43 20 31
for water control
Ed_geo_f-fleld bu_fferlng and Riparian forest bufferfs, riparian 15 36 11 24 14 31
filtering practices herbaceous buffer§lter strips
One or more water erosion Either overla_nd flow, c_oncentrated flow 43 64 70 70 52 66
control practice or edgeof-field practice
Two or more water erosion  Two practices, to include ovand flow,
control practices concentrated flow, or edgs-field 11 24 23 29 17 33
practice
All three water erosion Overland flow, concentrated flow, and > 6 4 9 > 7

control practices edgeof-field practice

Note:In the 200306 survey there were an estimated In8lfion HEL acres (44 percentJhe subset of NRI points for the 2011 survey had 1.75 million HEL acres (40
percent); a difference within the margins of erfidre full set 0f2007NRI points for cropped acres in this region indictgercent of the aes are HELSoils are
classified as HEL if they have an erodibility index (EI) score of 8 or higher. A numerical expression of the potentiitofescgle, El considers the physical and
chemical properties of the soil and climatic conditions wheeelitcated. The higher the index, the greater the investment needed to maintain the sustainability of the

soil resouce base if intensively cropped.

Tillage management and conservation tillage adoption was
assessed on a crop by crop basis for eactporgsystem.

Each crop was classified according to its average annual Soil
Tillage Intensity Rating (STIR). For the purpose of these
analyses, crops produced with a STIR rating exceeding 80
were considered conventionally tilled, crops produced with a
STIR value between 20 and 80 were considered mtillch

and crops with a STIR value less than 20 were considered no
till. These classificationdiffer from thoseused in the 20086
assessmerand reflecimprovements in the NRCS residue and
tilage managemermractice standards. Previously, crops
produced with a STIR value of 30 or less were considered no
till and conventional tillage was determined by STIR values
greater than 100.

The benefits of adopting less intense tillage are realized only
with consisént use of reduced tillage for all crops in a
rotation. Many farmers wild.l
which they apply one type of tillage on one crop and use a
different intensity of tillage on the succeeding crop. Use of
conventional tillage on onerop in a rotation can diminish or
negate many of the positive aspects associated with adoption
of conservation tillage, especially +#til. However, naetill is

not the tillage solution for all crops on all acres. In particular,
appropriate manure managameequires a means of
incorporation in the application method. This can generally be
accomplished with some form of multiiage or specially
developed low impact methods of manure incorporation.

To assess the conservation tillage adoption trendeeketthe
two survey periods the following classifications were
developed for cultivated cropland in the Chesapeake Bay
region:

9 Continuous Conventional Tillage: all crops
conventionally tilled (STIR >80)

1 Seasonal Conwtional Tillage: at least one crop in
rotation conventionally tilled anat leasione crop
conservation tilled

1 ContinuousMulch-tillage: all crops in rotatiomulch
tilled with STIR valuesfor each crop between 20 and
80;

I SeasonaNo-till: at least one crop produced witk-till
(STIR <20)and no crop in rotation conventionally
tilled; and

9 ContinuoudNo-till : all crops in rotation areo-till and
produced with STIR/alues<20. . N

empl oy Arotational tillageod,
Adoption of conservation tillage, especially-ti made rapid
gains in the Chesapeake Bay region betva88806 and
2011(fig. 2.1). Findings related to tillage practiceanges on
cultivated cropland between 2008 and 2011Include:

1 Management using either continuous or seasonal
conventional tillage decreased by half, dropping from
being practiced on 44 to 21 gent of acres;

1 Acres on which continuous conventional tillage was
applied decreased by half, dropping from 13 to 6
percent of acres;



1 Seasonal use of conventional tillage declined by half,
dropping from being practiced on 31 to 15 percent of
acres;

1 Use ofsome form of conservation tillage without any
conventional tillage increased from being in use on 56
to 79 percent of acres;

1 Management using either continuous or seasonal no
till, without the use of conventional tillage on any crop
increased from occting on 50 to 75 percent of acres;

1 Acres on which seasonal #idl was applied nearly
doubled, increasing from 12 to 21 percent of acres; and

1 Use of continuous ntll increased from 38 to 54
percent of acres.

The decreased use of conventional tillagarey point in the
rotation enables the retention of more residue, which protects
the soil and associated nutrients from being lost to wind and
water erosion. The increased residue associated with adopting
conservation tillage over conventional tillage ooty protects

the soil surface from erosion, but also improves infiltration,
increases water availability for the crops, and builds soll
health.

The effectiveness of conservation tillage and structural erosion
control practices are both improved by irgtn of the other
in a comprehensive conservation plan. The use of conservation
tillage without structural practiceshd the use of structural
practices without conservation tillage both declined between
200306 and 2011 (table 2.2). Adoption of suites of
conservation practices that combine conservation tillage and
structural practices now occurs on a majority of the cropped
acres in the region. Between 2008 and 2011, the following
changes were noted on cropped acres in the Chesapeake Bay
region (table 3):
1 Adoption of ®me kind of water erosion control

practice, either reduced tillaggtructural practiog), or

both 10 percentage point improvemeintgreasing

from occurring on 87 to 97 percent of cropped acres;

and

1 Adoption of some kind of water efios control

practiceand conservation tillage24 percentage point

improvementincreasing from occurring on 39 to 63

percent of cropped acres.

Figure 2.1.Changes in tillage management, as calculated from average annual STIR values for eadheropeition in the

Chesapeake Bay region, 2608 and 2011
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Note: CCT = continuous conventional tillage; SCT = seasonal conventional tillage; CMT = contimulmidtill age;SNT = seasonalo-till; CNT = continuouso-ill .

4 Average Soil Tillage IntensitRRating (STIR) over all crop years in the rotation less than or equalitoc@®sidereaio-ill; STIR less than or equal to 80 is
considered mulchill; and a STIR value greater than 89considered corentional tillage.



Table 2.2. Conservatia tillage, including netill and mulchtill, applied singularly or in conjunction with structural practices in the
Chesapeake Bay regia?)0306 and 2011.

200306 2011

Acres Acres Acres Acres
Combination of conservation practice (thousands) (percent) (thousands) (percent)
Conservation tillage only* 1,477.1 35 1,164.3 27
Conservation tillage with structural practices* 1,660.3 39 2,755.6 63
Structural practices only 602.6 14 296.6 7
No water erosion control treatment 539.9 13 136.9 3
Total 4,279.9 100 4,353.4 100

Note: Percentmay not add to totals because of rounding.

* NRCS practice standards for residue and tillage management have been revised since the publication of the origindDAeN&BtCE/3011) Average Soil Tillage
IntensityRatng (STIR) over all crop years in the rotatioust bdess than or equal to 20 for-tith; averageSTIR less than or equal to 80 is consideredchtill ; and
aSTIR value greater than 8)considered conventional tillagéhese STIR criteria are diffent from those applied in the original report, under which a value of 30 or
less was classified and it and 100 or greater was classified as conventional tillage.

Table 2.3 Cropped acrem the Chesapeake Bay regi@90306 and 2011.

200306 2011

Acres Acreage Acres Acreage
Cropping System (thousands) (percent) (thousands) (percent)
Corn only 690 16.1 364 8.4
Soybean only 161 3.8 128 2.9
Corn-Soybean 1,175 27.4 880 20.2
Corn with wheat or closgrown crop 272 6.4 336 7.7
SoybearwWheat 125 2.9 120 2.8
Soybean with closgrown crop 7 0.2 45 1.0
CornSoybean with wheat or cloggown crop 798 18.6 1,252 28.7
Vegetables or Tobacco, excluding hay 143 3.3 209 4.8
Hay and any other 627 14.7 701 16.1
Remaining mix of crops 282 6.6 318 7.3
Totals 4,280 4,353

Note: The difference between 20@® and 2011 cropping systems represent-lsselchanges in theykar time period between the two surveys. The 2003
06 estimates are based on acreage weights derived from the 2003 NRIhe/2011 estimates are based on acreage weights derived from the 2007 NRI.
Estimates for 2011 cropped acresnd account for cover crops applied to the rotatistsle the 20036 estimates daccount for cover crops applied to

the rotations

Conservation Crop Rotation between 20086 and 2011 reflesthe increasing

Conservation crop rotation (NRCS practice code 328) involves  diversification of cropping systems, concurrent with a
growing various crops on the same piece of land in a planned ~ reduction in low residue monocultures and simple corn

sequence to deliver conservation benefits. For example, this ~ Soybean rotations (table3}. This positive trend in

sequence may contribute to development éfganic conservation crop rotation adoption has markedly imptove
carbon pools by growing high residpeoducing crops such as annual residue scores in the region (fig. 2.2). Cover crop
corn or wheat in rotation to offset the effects of growing low adoption has become an important complementary practice to

residueproducing crops, such as Vegetab|es or Soybeans_ The conservation Crop rOFation. HOWGVGr, it Should_ be noted that
rotation may also involve growing forage crops or coversrop ~ cover crop adoption isnly one part of an effective

in rotation with various field crops, which may increase the conservation managentgplan. To produce consistent and
multi-functionality of the lan&in d di ver si fy t heberefigial feaultsgcgnservation management plans must be
economic baswhile also conserving soilncreasing adoption reevaluated and applied appropriately and consistently.

of high residue crop rotations in the Chesapeake Bay region



Figure 2.2 Average annual residue scores in the Chesapeake Bay r2g@806 and 2011.
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To allow numerical comparison of the residue level of various
crop rotations, a simple scoring system was developed using
relative values to represent
Hay crops scored the highest possible score of 4, as they are
typically estdlished for two or more years and hay crop
residue confers excellent erosion protectidigh residue

annual crops like corn and wheat have a score of 2 and low
residue crops, such as silage, soybgansotton, score only 1.

Vegetable crop managemeendts tgprovide low residue and
include heavy tillage following removal of the entire plant
Such cropping systems score 0.25, as the residue contribution
of four such crops in a year would be required to provide the
conservation value derived from one losgidue crop.

On a given acre, total points for all the crops in rotation,
including cover crops, are summed and divided by the length
of the rotation. For exampléhe 1.5 corrsoybearrotation
scorecan be increased 2.5via the addition of a coverap
between the corn and soys&Jof a cover crop after each
commodity cropwvould raise the rotation score to 3.5.

Changing crop rotations and adoption of conservation
practices that increase residue scores occurred between 2003
06 and 2011 (fig. 2.2 he acreage maintained as
monocultures of corn or soybeans or a simple-coybean
rotation declined from 47 to 32 percent of cropland acres
between 20086 and 2011table 2.2). Crop rotations
increased in complexity, primarily due to the addition of
whea or other closggrown winter annuals, including cover
crops. Crop diversification improved residue scdresveen
200306 and 2011During that interim, ereage with scores
between 1 and 2, typical of a cesnybean rotation, declined
from 51 percent toBpercent of acres. This 16 percentage

point decline in acreage scoring 1 to 2 was accompdnyied

16 percentage point increase in acres scoring 3 to 4. The
iacrease i3 m farge paredsd tatileencrgasedndcover tropo n
adoption and inclusion of winter andgmnall grains.

Cover Crops and Winter Cover

Cover cropping consists of planting grass, small grains, or
legumes between primary crop intervals, enabling farmers to
better manage nutrient inputs, enhance soil quality, and/or
reduce soil erosionn the ontext of this report cover crops

are considered a unique subset of winter cd®exer crops

are planted when principal crops are not growing, which may
include, but is not limited to, winter months. Cover crops are
not planted with the intent to harvestd are generally
terminated by tillage or herbicide application prior to maturity.
Winter cover includesrops that may be grazed &dod

harvested for grain, hay, or both. Cover crops and
conservation crop rotations that include winter annuals are
critical to protecting soil and water qualilly the Chesapeake
Bay region Local emphasis on these practices has helped
make significant improvements towards reducing the impacts
of cropped acresn theChesapeakBay. The benefits of
including cover crops iorop rotations most notably include
reduction in runoff lossesnd erosion (table 2.4%imulations
suggest that increased adoption of winter cover observed in
2011 reduced 20086 loss rates by 37 percent for sediment,
28 percent for nitrogen via surfaceteq 18 percent for
nitrogen via subsurface flow, 29 percent for phosphorus, and
46 percent for carbon (table 2.4).

Conservation crop rotation has contributedniare acres

being protected by vegetation during the late fall and winter
months Some rotatins alsgromote soil health and water
quality byredudng nutrient input requirements for crop



production otby utilizingfil ef t over o
crops, making thertessavailable to losses via erosidbover
crops and winter cover also contrte to soil quality by
converting atmospheric carbon into plant tissue, which
eventually becomes soil organic matter and contributes to soil
carbon pools. Additionally, depending on management, cover
crops may provide pollinator or wildlife benefits, inding

habitat and food production.

Table 2.4 Reduction in specified losses due to adoption
winter cover in at least part of the crop rotatibetween
200306 and2011 conditions.

Loss Category

Reduction (percent)

Sediment 37
Nitrogen via Surfac&Vater 28
Nitrogen via Subsurface Water 18
Total Phosphorus 29
Carbon 46

Benefitsof cover croppingpecific to individual conservation
crop rotation practices could not be assessecbver crops
were often adopted as part of a suite of conservatiactices
in a comprehensive conservation plBenefits of cover crops,
conservation crop rotations, conservation tillage, structural
practices, and nutrient management strategies are often
intertwined.

The major distinction between cover crops and motyyges of
winter cover is the approach to nutrient managenwiriter
annuals grown for grain are
nitrogen in early spring to ensure availability of nutrients
necessary for grain productiohen appropriately applied to
an atively growing crop, the majority of these nutrients tend
to be taken up quickly by the plants, so that the fertilizer
application usually has very little impact on offsite water
quality.

The presence or absence of cover crops and winter cover was
determned from &rmer responses in the NREAP Cropland
Survey. The following criteria were used to identify use of a
cover crop and to differentiate winter cover from cover crops:

I Winter cover is limited to closgrown crops grown
over the winter months andlssequently harvested for
hay or grain or both. These crops may be grazed.

1 A cover crop is not harvested as a principal crop.iff it
harvested, it must have begpecifically identified in
the NRFCEAP Cropland Survey ascaver crop
harvestable for ancaeptable purpose (suchk@emass
removal or use as mulch or forage materfal).

1 Springplanted cover crops are intseeded into a
growing crop or are followed by the seeding of a
summer or late fall crop that may be harvested during
that same year or B the next year.

5 Except for the 2003 survey, the questionnaire allowed the respondent to list
the purpose for which a crop was grown, including cover crop. This
information was not a reliable indicator of a cover crop for conservation
purposedor all sample points, based on other information in the survey on
crops planted and field operations

nutri ent sq fLatessummerplanted coversrops are followed by the

harvest of another crop in the same crop year or the
next spring.

1 Fall-planted cover crops are followed by the spring
planting of a crop for harvest the next year.

Some cover crops amplanted for soil protection during
establishment of spring crops such as melspisach, and
potatoes. Earhgpring cover crp vegetation protects both soil
and young crop seedlings.

In recent years both state anedEeral programs have
contributed to gjnificant increases in voluntary adoption of
cover crops and winter cover in the Chesapeake Bay region.
Cover crop adoption rose dramatically in the subregions
encompassing Maryland (Upper Chesapeakd 8ayegion
0206 and the Potomac River Basobregior0207). Between
200306 and 2011 cropped acreage receiving cover crops at
some point in the rotation in the Upper Chesapeake Bay
subregion more than tripled, increasing from 14 to 65 percent
of cropped acres. During the same interim, acreage receiving
cove crops at some point in the rotation in the Potomac River
Basin subregion nearly tripled as well, increasing from 17 to
62 percent of cropped acres (table 2.5).

Between 20036 and 2011, the following trends related to

cover crops and winter cover wareted in the Chesapeake

Bay regionés cultivated cropl

1 Annual use of cover crop$3 percentage point
improvementincreased from occurring on 5 to 18
percent of cropped acres;

e e Anaualluse offinteocpverdwhiehspeotalsdhe goil t h
over the winter monthst4 percentage point
improvementincreased from occurring on 3 to 17
percent of cropped acres;

1 Cover crops used at some point in the crop rotation:
percentage point improvemeimcreased from
occurring on 12 to 52 percent of craggpacres; and

1 Cropped acres including winter cover as part of the
crop rotation which protects the soil over the winter
months 18 percentage point improvemein;reased
from occurring on 47 to 65 percent of cropped acres.

The increased use of wintemrauals in the crop rotation may

be attributed to market forces.g.,higher wheat prices) and
the flexibilities of some of
which allow farmers to opt to manage their cover crop for
grain harvest in return for a reckd cst share on the cover
crop. State programs also continue to contribute to winter
cover and cover crop adoptidror example, the Maryland
Department of Agriculture cover crop program reported
414,000 acres were planted to cover crops in 2012.



Table 25. Percent of cropped acres that apply cover crops as a consepratitinein the Chesapeake Bay regiondmpregion,

200306 and 2011.

Susquehanna Rive Upper Chesapeake

Potomac River

Lower Chesapéda

Subregion Name: Basin (0205) Bay (0206) Basin (0207) Bay (0208) 200306 2011
200306 2011 200306 2011 200306 2011 200306 2011 Chesapeake Chesapeake

Cover crop strategy percent percent percent percent percent percent percent percent Bay Region Bay Region
Every year 5 13 4 26 10 26. 3 13 5 18
2 of every 3 years 2 5 2 20 <1 16 2 23 2 13
Every other year 0 0 1 0 0 0 <1 0 <1 0
Less than every other

year 3 17 7 20 7 20 1 33 4 20
None 91 65 86 35 83 38 93 30 88 48

Table 2.6 Percent of cropped acres that utilize winter cover as part of tlegiretation in the Chesapeake Bay regiorsiyregion,

200306 and 2011.

Susquehanna Rive Upper Chesapeake

Potomac River

Lower Chesapeake

Subregion Name: Basin (0205) Bay (0206) Basin (0207) Bay (0208) 200306 2011
200306 2011 200306 2011 200306 2011 200306 2011 Chesapeake Chesapeake

Winter cover strategy  percent percent percent percent percent percent percent percent Bay Region Bay Rgion
Every year 5 14 2 20 4 24 2 10 3 17
2 of every 3 years 15 18 5 16 12 17 10 8 11 16
Every other year 6 9 16 16 9 11 15 28 11 14
Less than every other

year 24 16 23 21 19 22 16 21 22 19
None 49 42 55 27 56 25 57 33 53 35

Irrigation Management Practices

In the Chesapeake Bay region, irrigation applications are
sometimes used to supplement natural rairfaibation is
performed with either a gravity system or a pressure system.
Gravity systems utilize gravitational energy to moveewnat
from higher elevations to lower elevations, such as moving
water from a ditch at the head of a field, across the feette

lower end. Pumps are most often used to create the pressure in

pressuized systems, and the water is delivered through
nozzlesor emitters

Proper irrigation involves efficient use of water such that plant
water stress is alleviated and minimal evas lost.The
widespread trend of converting gravity irrigation systems to
pressure systems and the advent of pressure systems-in rain
fed agricultural areas has reduced the volume of irrigation
water lost to deep percolation and efefield runoff, buthas
increased the volume of water lost to evaporation due to the
sprinkling process associated with most pressure systems.

Between200306 and 2011, irrigated acreage in the
Chesapeake Bay region increased from 209,000 acres to
261,000 acresPressureystems were used on 97 percent of
irrigated acres in the region during both survey peridds.
most common and efficient pressure systems, cginet or
linear move systems with low pressure spray, were in use on
34 percent of irrigated acres200306 and 46 percent of

irrigated acres in 2011. Centpivot or linear move systems,
with less efficient impact sprinklers, declined from being in
use on 440 28percent of irrigated acrémetween 20086 and
2011.

As of 2011, low flow irrigation systems duas drip, trickle,
or micro emitters were used on 13 percent of the irrigated
acres in the regiontrigated acreage on whichghly efficient,
state of the art systenis.g.,center pivot or linear move
systems with low pressureearground emittersor low flow
systems such as drip and trickleereapplied increased from
39 to 60 percent of cropped acres between Zi®and 2011.

Nutrient Management Criteria

Nitrogen and phosphorus are essential inputs for profitable
and sustainable crop productidtarmers supply these

nutrients to the land with commercial fertilizers and/or
manure A large portion of the nutrients applied to the land are
taken up by the crops and removed from the fields at harvest.
However,crops do not usall of theappliednutrients; some

are lost to the environment throughrious pathways,

including leachingerosion, andin the case of nitrogen,
volatilization. When edgef-field losses are combined with
naturally occurring nutrients, nutrients from past losses, or
nutrients fom other sources, they can contribute to offsite
water quality problems.



Nutrient management is an active management preaatide

plays an important role in the Avoid, Control, Trap (ACT)
conservation system approach. Nutrient management planning
should e used in conjunction with conservation practices
designed to control and trap nutrients and sediment
Appropriate nutrient applicatiomanagementust be utilized
each yeaand on each crop in the rotationorder forthe
conservation benefits dfie 4Rgtheright rate, theright

timing, theright method, and theaght form) to persist in the
region.

Sound nutrient management systems can minimize nutrient
losses from the agricultural management zone while providing
adequate soil fertility and nutrieavailability to ensure

realistic yields. The agricultural management zone is defined
as the zone surrounding a field that is bounded by the bottom
of the root zone, edge of the field, and top of the crop canopy.
Nutrient management systems are tailoreaddress the

specific cropping system, nutrient sources, and site
characteristics of each fieltHowever the 4Rs providéasic
criteria for appropriate application of commercial fertilizers
and manure:

1. Apply nutrients at theight rate based on soil and
plant tissue analyses and realistic yield goals.

2. Apply nutrientsat theright time to supplythe crop
with nutrientswhen the plants have the most active
uptake and biomass producti@voidapplying
nutrientswhen adverse weather conditions can result in
large losses of nutrients from the agricultural
management zone.

3. Apply nutrients using theght method of application
for the nutrient source being applied in orteenable
rapid, efficient plant uptake and reduce the exposure of
nutrient material to fores of wind and water.

4. Apply theright form of commerciaffertilizer andor
manure with compositions and characteristics that
resist nutrient losses from the agricultural management
zone.

Depending on the field characteristics, nutrient management
techniqies can be coupled with other conservation practices
such as conservation crop rotations, cover crops, residue
management practices, and structural practices to minimize
the potential for nutrient losses from the agricultural
management zone. Even thougftrient transport and losses
from agricultural fields cannot be completely eliminated, they
can be minimizedvith carefulACT conservation planning
andimplementation of complementary conservation practices.

Determination of appropriate nutrient managehypractices
was based on information on the raiming, and method of
application for manure and commercial fertilizer, as reported
by the producer in the NRCEAP Cropland Survey. The
appropriateness of nutrient form was not evaludtgzlto
insufficient survey dataAlthough it is not discussed in this
report, the appropriatenessraftrientform should be
considered in conjunction with rate, timing, and method of
nutrient application in the development of sound nutrient
management plans.

Thefollowing criteria enable comparison of changes in
conservation benefits due to changing nutrient management
plans betwee®00306 and 2011. Criteria used here to classify
nutrient management practices, while consistent with NRCS
standards, do not necessarilynegent the best possible set of
nutrient management practices for these acres. These nutrient
management criteria are intended to represent practice
recommendations commonly found in comprehensive nutrient
management conservation plans. The following dateere

used to identify appropriate rate, timg, and method of

nutrient applications for each crop or crop rotation

Appropriate Rate Criteria

1 Nitrogen application rate criteria apply@achcrop in
the rotation.

1 The rate of nitrogen application, inding the sum of
commercial nitrogen fertilizer and manure nitrogen
available for crops in the year of applicatiord is
A less than 1.4 times the amount of nitrogen removed

in the crop yield at harvest feachcrop, except for
cotton and small grain crops;

A less than 1.6 times the amount of nitrogen removed
in the crop yield at harvest for small grain crops
(wheat, barley, oats, rice, rye, buckwheat, emmer,
spelt, and triticale)and

A less than 60 pounds of nitrogen per bale of cotton
harvested.

1 Phosphorusplication rate criteria apply to tHell
crop rotationto account for infrequent applications
intended to provide phosphorus for multiple crops or
crop years, which is often the case with manure
applications

1 The rate of phosphorus application, inclugiloth
manure and commercial fertilizer, summed over all
applications and crops in the rotation is less than 1.2
timesthe amount of phosphorus removed in the crop
yields at harvest summed over all crops in the rotation.

It should be noted that the andysis of the 20036 survey in
the original Chesapeake Bay region CEAP refibe,
phosphorus application rate threshold criterion was 1.1 times
the phosphorus removed at harvest and for the 2011 analysis
this value has been increased to(U3DA NRCS 201). This
change wasecessary due improvements in the phosphorus
adsorption/desorptioroutine in APEXv1307. Thé.1

criterion produced extensive phosphorus stress and
significantly reduced yields the simulationThe incremental
increaseof simulatedphosphorus rate applicatiom 1.2times

the amount of phosphorus removed in the crop at harvest
reduced phosphorus stress and maintained expected yields

Appropriate Timing Criteria

Timing application close to planting supplies nutrients closer
to thetime when the crop needs them, thereby reducing the
risk of loss.The analyses in the original report required proper
timing of all commercial fertilizer and manure applicatidos

be within 21 days before or after planting. In the areslysr

® For this reason the appropriateness of rate of application for phosphorus
cannot be analyzed in the same manner used for nitrogen, resulting in slightly
different information being presented in tables 2.7 and 2.8.



this reportthe criteria was changed to evaluate the length of
time between the application dat@dy prior to planting The
change was made to eliminate the erroneous classification of
acres where spring applications of nutrients were appropriately
applied to winte annuals outside of the 4ay window.

Appropriate Method Criteria

To meet nutrient applicatiomethodcriteria, application of
commercial fertizer or manure must includ®me form of
incorporation, banding, spot treatment, or foliar application.

Survey Results: Nutrient Management

Practices

Survey results suggest that although some conservation gains
achieved betweeP00306 and 2011 could be attributed to
improvednutrient management practices, there is still ample
opportunityto improve nutrient maagemenplanningin the
region.Differences between values reported here as compared
to those in the 2011 report are in large part attributable to
improvements in the APEX model related to nutrient cycles
for both nitrogen and phosphorus. Interpretatibapgplication
timing values also differbetween the two reports due to a
change in evaluation criteria.

Nitrogen i Appropriate Rate

Between 20036 and 2011, the following trends related to
nitrogen application rates were noted in the Chesapeake Bay
reg on6s cultivated cropland

1 Nitrogen receiving acrean which nitrogen application
ratecriteria were metor all crops in rotation9
percentage point declinelecreased from 32 to 23
percent of cropped acres;

1 Nitrogen receiving acres on whiaitrogen application
rate criteria were mdor some but not alkropsin
rotation:17 percentage point improvemeimgreased
from 54 to 71 percent of cropped acres;

1 Nitrogen receiving acresn which nitrogen application
ratecriteria werenot met onany crop in the rotation7
percentage point improvemeiecreased from 13 to 6
percent of cropped acres; and

1 Cropped acrewith no nitrogen applicatian
maintained 20036 conservation level® and 2
percent of cropped acres in 2608 and 2011,
respedwely).

When rate criteriavereapplied by crop rather than by
management over the entire rotatiadherence to appropriate
nitrogenapplicationrates maintained conservation levels
achieved in 20086 (52 and 55 percent of crops in 26083
and 2011, rspectively).

Commercial fertilizer was the only source of nitrogen for 2.5
and 2.2 million cropped acres in 2608 and 2011,
respectivelyBetween 20036 and 2011, the following trends
related to nitrogen application rates were noted in the
ChesapeakBay r egi onds cacrdstrecewiagt e d
commercial fertilizer as their sole nitrogen source, with no
manure inputs (table 2.7):
1 Commercial nitrogen receiving acres (no manure
inputs)on which nitrogen application rate criteria were

('t ap |PgiNtdeclip

met onall crops in rotation7 percentage point decline,
decreagd from 42 to 35 percent

1 Commercial nitrogen receiving acres (no manure
inputs)on which nitrogen application rate criteria were
met onsome but not altropsin rotation 10
percentage point improvemeircreased frons2 to 62
percentand

1 Commercial nitrogen receiving acres (no manure
inputs) on which nitrogen application rateteria were
not met onany crop in the rotationmaintained 2003
06 conservation level® and 3 percent of cropped
acres ir200306 and 2011, respectively).

The most significant changes to nitrogggplicationrates
occurred on acreage on which manure is applied to one or
more of the crops in rotation, either as a sole nutrient source or
in conjunction with commercial fertilers.Between 20036
and 2011, the practice of applying manures as a nitrogen
source increased from occurring on 38 percent (1.6 million
acres) to 48 percent (2.1 million acres) of cropped acres in the
region.Between 200806 and 2011, the following trends
related to nitrogen application rates were noted in the
Chesapeake Bay r egiaoresdeseiviogu | t i
manure inputs as a nitrogen source, with or without additional
commercial fertilizer inputs (table 2.7):

1 Manured acresn which nitrogen pplication rate

criteria were met oall crops in rotation8 percentage

ecreased from 17 topfercent
f Manured acresn which nitrogen application rate

criteria were met osome but not altropsin rotation

23 percentage point improventeimcreased from 59 to

82 percerntand
1 Manured acres on which nitrogen application rate

criteria werenot met onany crop in the rotationl5

percentage point improvemenecreased from 24 to 9

percent

Nitrogen i Appropriate Timing

Between 20006 and2011, the following trends related to
nitrogen application timing were noted in the Chesapeake Bay
regionds cultivated cropland

9 Nitrogen receiving acres on which nitrogen application
timing criteria were met foall crops in rotation14
percentage point declinelecreased from 50 to 36
percent ocroppedacres;

1 Nitrogen receiving acres on whiclfitrogen application
timing criteria were mefior some but not altrops in
rotation 16 percentage point improvemeintcreased
from 34 to 50 percdrof cropped acres; and

1 Nitrogen receiving acres on which nitrogen application
timing criteria werenot met onany crop in the
rotation:maintained 20036 conservation leveld 1
percent in both surveys).

Between 2006 and 2011, the following trends related to
nitrogenapplication timing were noted in the Chesapeake Bay
te @ipP G Y C ulacresveadivingicoremersig | a nd
fertilizer as their sole nitrogen source, with no manure inputs
(table 2.7):

1 Commercial nitrogen receiving acres (no manure
inputs)onwhich nitrogen application timingriteria



were met orall crops in rotation10 percentage point
decling decreased from 69 &9 percent

1 Commercial nitrogen receiving acres (no manure
inputs)onwhich nitrogen application timingriteria
were met orsome but not dlcropsin rotation 10
percentage point improvemeimcreased from 15 to 25
percentand

1 Commercial nitrogen receiving acres (no manure
inputs) on which nitrogen application timiegteria
werenot met onany crop in the rotationmaintained
200306 corservation level$9 and 13 percent of
cropped acres in 2003 and 2011, respectively).

Between 20036 and 2011, the following trends related to
nitrogen application timing were noted in the Chesapeake Bay
regi ondés c ulatcréesveadiviegimarerinputslasa n d
a nitrogen source, with or without additional commercial
fertilizer inputs (table 2.7):

1 Manured acresnwhich nitrogen application timing
criteria were met oall crops in rotation6 percentage
point declinedecreased from 18 to J&rcen;

1 Manured acresnwhich nitrogen application timing
criteria were met osome but not altropsin rotation
12 percentage point improvemeintcreased from 66 to
78 percentand

1 Manured acres on which nitrogen application timing
criteria werenot met onany crop in the rotationé
percentage point improvemeieclined from 16 to 10
percentof manured cropped acres

Between200306 and 2011 manure application expanded
from occurring on 38 to 48 percent of cropped acres (fig. 2.3).
Manurewas applied tdhese acres as part of their nutrient
management plarither as the sole nutrient source, or in
conjunction with commercial fertilizer§he decline in use of
the more optimal 21 days out manure application tinfidmg

all crops in rotationmay be the ragt of traditional manure
users applying manure to more acres and requiring more
management time to get it spread. Additionally, it is possible
new manure users are adjusting to managing a new nutrient
sourceThe finding that more acres are receiving appiately
timed manure applications @@mecrops in rotation is a
positive sign

Nitrogen i Appropriate Method

Between 20086 and 2011, the following trends related to
nitrogen application method were noted in the Chesapeake
Bay r e gtivated &apland (table 2.7):

1 Nitrogen receiving acres on which nitrogen application
method criteria were met fadl crops in rotation7
percentage point declinéecreased from 34 to 27
percent otroppedacres;

1 Nitrogen receiving acres on whichmaiggen application
method criteria were met f@ome but not altrops in
rotation:10 percentage point improvemeimgreased
from 45 to 55 percent of cropped acrasd

1 Nitrogen receiving acres on which nitrogen application
method criteria weraot met onany crop in the
rotation:maintained 20036 conservation level21
and 18 percent of cropped acres in 2083and 2011,
respectively).

Between 2006 and 2011, the following trends related to
nitrogen application method were noted in the Chesapeake
Bay regi ono6s c wdrds resewihgeamnmerciab p | a
fertilizer as their sole nitrogen source, with no manure inputs
(table 2.7):
1 Commercial nitrogen receiving acres (no manure
inputs)on which nitrogen application methanliteria
were met orall crops in rotation maintained 200396
conservation level§l1 to 37 percent of cropped acres
in 200306 and 2011, respectively);
1 Commercial nitrogen receiving acres (no manure
inputs)onwhich nitrogen application methamliteria
were met orsome but not altropsin rotation 10
percentage point improvemeircreased from 34 to 44
percentand
1 Commercial nitrogen receiving acres (no manure
inputs) on which nitrogen application methariteria
werenot met onany crop in the rotation6é percentage
point improrementjncreased from 25 to 19 percent of
cropped acres

Between 20036 and 2011, the following trends related to
nitrogen application method were noted in the Chesapeake
Bay regionds caoédstrecewiagtmamurec r o p |
inputs as a nitrogen sowrcwith or without additional
commercial fertilizer inputs (table 2.7):

1 Manured acresnwhich nitrogen application method
criteria were met oall crops in rotation6 percentage
point decling decreased from 22 to p@&rcent

1 Manured acresnwhich nitrogen application method
criteria were met osome but not altropsin rotation
maintained 200396 conservation level$3 and 67
percent of cropped acres in 2608 and 2011,
respectively); and

1 Manured acres on which nitrogen application timing
criteriawerenot met onany crop in the rotation
maintained 2006 conservation leveld 6 and 17
percent of cropped acres in 2608 and 2011,
respectively).

Management of nitrogen applicatiomethodon acres

receiving manure was very similar in both surveyigds,

with approximately 84 percent afanured acres managed
with incorporation at some point in the rotatidie increase
in manuredacresand thepresumedoncurrent increase in
manure users may partially explain the decline in acres
utilizing propermanure application techniques alhcrops in
rotation.The increase in acres undertilbcould also explain
this declinein use of appropriate application method.
Appropriate manure application includes incorporation into
the soil, which is not easiljcaommodated by nrtll systems.
Application techniques of knifing or injecting manures could
be employed to maintain a low disturbance tillage system, but
the manure form would need to be amenable to these
technologiesln management systems with manure
applications, anulchtill system may be more appropriate
than a netill system, as mulctill systems allow light disking
of the manure at application.



Table 2.7. Nitrogen management practicaésdpercent of cropped acres within each catedaryhe Chesapeake Bay regi@®0306
and 2011.

Nitrogen* 200306 2011 200306 2011
acres acres percent percent

No N applied to any crop in rotation 214,000 87,000 5 2
Foracreswhere N is applied: 95 98
Commercial Fertilizer Only 2,457,000 2,177,000 60 51

Manurewith or without Commercial Fertilizer 1,608,000 2,089,000 40 49

Rate of application
Acres receivinggommercial fertilizer and/or manuagplications

All crops in rotation meet the nitrogen rate critetéscribed in text 32 23

Some but not all crops in rotation meet the nitrogen rate criteria described in text 54 71

No crops in rotation meet the nitrogen rate criteria described in text 13 6
Acres receivingommercial fertilizerapplicationsonly:

All crops in rotation meet the nitrogen rate criteria described in text 42 35

Some but not all crops in rotation meet the nitrogen rate criteria described in text 52 62

No crops in rotation meet the nitrogen rate criteria described in text 6 3
Acres receivingnanure with or without commercial fertilizapplications

All crops in rotation meet the nitrogen rate criteria described in text 17 9

Some but not all crops in rotation meet the nitrogen rate criteria described in text 59 82

No crops in rotation meet the nitrogen rate criteria described in text 24 9

Time of application:
Acres receivig commercial fertilizer and/or manuagplications

All crops in rotation have application of nitrogen fertilizer less than 21 days before planting 50 36

Some but not all crops have application of nitrogen fertilizer withid@& before planting 34 50

No crops in rotation have application of nitrogen fertilizer within 21 days before planting 11 11
Acres receivinggommercial fertilizemapplicationsonly:

All crops in rotation have applation of nitrogen fertilizer less than 21 days before planting 69 59

Some but not all crops have application of nitrogen fertilizer within 21 days before planting 15 25

No crops in rotation have application of nitrogen ferilizvithin 21 days before planting 9 13
Acres receivingnanure with or without commercial fertilizapplications

All crops in rotation have application of manure less than 21 days before planting 18 12

Some but noall crops have application of manure within 21 days before planting 66 78

No crops in rotation have application of manure within 21 days before planting 16 10

Method of application
Acres receivingommercial fertilizer and/or mareiapplications

All crops in rotation have N applied with incorporation or banding/foliar/spot treatment 34 27

Some but not all crops in rotation have N applied with incorporation or banding/foliar/spot treatment 45 55

No crops in rotation have N applied with incorporation or banding/foliar/spot treatment 21 18
Acres receivinggommercial fertilizempplicationsonly:

All crops in rotation havél applied with incorporation or bandingliar/spot treatment 41 37

Some but not all crops in rotation haN@pplied with incorporation or banding/foliar/spot treatment 34 44

No crops in rotation havd applied with incorporation or banding/foliar/spot treatment 25 19
Acres receivingnanure with or without commercial fertilizapplications

All crops in rotation have manure applied with incorporation or banding/foliar/spot treatment 22 16

Some but not all crops in rotatioaye manure applied with incorporation or banding/foliar/spot treatm 63 67

No crops in rotation have manure applied with incorporation or banding/foliar/spot treatment 16 17

Rateandtiming and methodof application(excludes acres nogceiving nitrogen)
All crops meet the nitrogen rate criteria described in text and application within 3 weeks before planting wi

incorporation or banding/foliar/spot treatment 13 7
Some but not all crops meet the nitrogen rate criteria descrittegtiar application within 3 weeks before
planting with incorporation or banding/foliar/spot treatment 87 93

Nitrogen and Phosphorus
Crop rotatiorphosphorusandnitrogenrates meetriteria described in text and all applicati@tzurwithin 3 weels
before plantingand includencorporation or banding/foliar/spot treatment, including acres withitnagen or
phosphoruspplied 8 5

Note: Percents may not add to 100 because of rounding.

* These estimates include adjustments made to the reportedrdattrogen and phosphorus application rates from the survey because of missing dateeaty data
errors. In the case of phosphorus, thee@r data period for which information was reported was too short to pick up phosphorus applications neadieSatetr

intervals between applications, which is a common practice for producers adhering to sound phosphorus managementSectnaapgrowth, and thus canopy
development which decreases erosion, is a function of nitrogen and phosphoruseitegsary to add additional nitrogen when the reported levels were insufficient to
support reasonable crop yields throughout the 52 years in the model simiation addi t i onal information on ®&dustment ment
of CEAP Cropland Survey Nutrient Appl i chigp/iwonnrcRiada.gos/tedchrical/nridcBag X Model i ng, 0 avali
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Figure 2.3 Average annual percent ofopped acrem each of the subareas receiving manure in the Chesapeake Bay 260®06

and 2011.
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Phosphorus 1 Appropriate Rate

Phosphorus is often applied infrequently, with the intent of an
application providing phosphorus availability for multiple crops
or years. Therefore, although nitrogen rate criteria can be applied
to each crop in the rotation, phosphorus application rate criteria
applyonly to the full crop rotationThe appropriate rate is
detemined by the sum of all applications over the entire rotation
divided by the sum of all crop removal at harvest and should
equal 1.2orless see di scussion at the
Rate Cr it abovg Bétwesne200®6 anch2011, the
following trends related tphosphorus application rates were
noted in the Chesapeake Bay r
2.8):

1 Phosphorus receiving acrels which phosphorus
application rateriteria were metmaintained 20036
conservation leveléb4 ands7 percent of cropped acres in
200306 and 2011, respectively);

1 Phosphorus receiving acres which phosphorus
application rateriteria werenot met: maintained 20036
conservation level@l6 and 43 percent of cropped acres in
200306 and 2011, respeatly); and

1 Cropped acres with no phosphorus applicatinaintained
200306 conservation leveld and <1 percent of cropped
acres in 20086 and 2011, respectively).

Commercial fertilizer was the only source of phosphorus for 2.4

and 2.3 million croppe acres in 20086 and 2011, respectively.

Between 20036 and 2011, the following trends related to

phosphorus application rates were noted in the Chesapeake Bay

regi onds c ulatcréesverdiviengiconemeraigl fertilined

as their sole phosphorusisce, with no manure inputs (table 2.8):

1 Commercial phosphorus receiving acres (no manure

inputs) on which phosphorus application rate criteria were
met: 8 percentage point improvemeimcreased from 68 to
76 percent; and

1 Commercial phosphorus recaig acres (no manure
inputs) on which phosphorus application rate criteria were
not met: 8 percentage point improvemedgcreased from
32 to 24 percent.

Even though acreage receiving manure inputs as a phosphorus
fertilizer source increased from 1.6 td 2nillion acres, the trends
previously noted relatet nitrogenapplicationratesand manure
adoptioch weré nottapparenfiiitpepealatiopship ketvesn
phosphorus application rates and manure adoption. Between
200306 and 2011, the practice of applying mawias a
phgsphoroséseurce incteasédvram oeadirring onod to 48mefcert
of phosphorus receiving cropped acres in the region, but there
were neither improvements nor declines in phosphorus rate
application adherence associated with the adoption of manare as
phosphorus sourc8etween 20036 and 2011, the following
trends related to phosphorus application rates were noted in the
Chesapeake Bay r egiaoresdeseiviogu | t i
manure inputs as a phosphorus source, with or without additional
commecial fertilizer inputs (table 2.8):
1 Manured acres on which phosphoayplication rate

criteria were metmaintained 20086 conservation levels

(32 and 35 percent of cropped acres in 200&nd 2011,

respectively); and

1 Manured acres on which phosphoapplication rate

criteria werenot met: maintained 20036 conservation

levels(68 and 65 percent of cropped acres in 206&nd

2011, respectively).

In 200306 and 2011, 20 and 25 percent @frmared cropped acres
had nutrienapplication rates at or lmav crop removal ratesThe
continued adherence to this management imgigaie an
improvement in manure management and adherence to soil test
results and/or manure test results for the possibility of reducing
soil phosphorus stores



Phosphorus i Appropriate Timing
Between 20036 and 2011, the following trends related to

phosphorus application timing were noted in the Chesapeake BayB a y

regionds cultivated cropland

1 Cropped acres on which phosphorus application timing
criteria were met foall crops in rotation11 percentage
point decling decreased from 53 to 4&rcent

1 Cropped acres on which phosphorus application timing
criteria were met fosome but not altrops in rotation:
maintained 20036 conservation level84 and38 percent
of cropped acres in 20086 and 2011, respectivejyand

1 Cropped acres on which phosphorus application timing
criteria werenot met onany crop in the rotation6
percentage point declineecreased from13 and 19
percent.

Between 20036 and 2011, the falwing trends related to

phosphorus application timing were noted in the Chesapeake Bay

regi onds c ulacresverdiviengiconemeraigl fertilined

methods. Between 20a8 and 2011, the following trends related

to phosphorus application methods were noted in the Chesapeak

regionés cultivated cropl

( tTa Bhbsphors.re&givinacres on which phosphorus
application method criteria were met fdt crops in
rotation maintained 20036 conservation levelgl2 and
37 percent of cropped acres in 2608and 2011,
respectively);

1 Phosphorus receiving acres on whattosphorus
application method criteria were mfetr some but not all
crops in rotationmaintained 20036 conservation levels
(28 and 30 percent of cropped acres in 206&nd 2011,
respectively); and

1 Phosphoruseceiving acres on which phosphorus
application methodriteria werenot met onany crop in
the rotationmaintained 20036 conservation level80
and 32 percent of cropped acres in 2083and 2011,
respectively).

as their sole phosphorus source, with no manure inputs (table 2.8fhosphoruspplication method managementiystemswith only

1 Commercial phosphorus receivingras (no manure
inputs)onwhich phosphorus application timirmgiteria
were met orall crops in rotation6 percentage point
decline decreased from 75 to @@rcent

1 Commercial phosphorus receiving acres (no manure
inputs) on which phosphorus applicatitming criteria
were met orsome but not altrops in rotationmaintained
200306 conservation leveld3 and 18 percent of cropped
acres in 20086 and 2011, respectively); and

1 Commercial phosphorugceiving acres (nmanure
inputs) on which phosphoragpplication timing criteria
werenot met onany crop in the rotationmaintained
200306 conservation leveld2 and 11 percent of cropped
acres in 20086 and 2011, respectively).

Between 20086 and 2011, the following trends related to
phosphorus apjgation timing were noted in the Chesapeake Bay
regi ondés c ulatcréesverdiviegimacure inputs asad
phosphorus source, with or without additional commercial
fertilizer inputs (table 2.8):

1 Manured acresnwhich phosphorus application timing
criteria were met oamll crops in rotationmaintained 2003
06 conservation leveld6 and13 percent of cropped acres
in 200306 and 2011, respectively)

1 Manured acresnwhich phosphorus application timing
criteria were met osome but not altropsin rotation 8
percentage point declinelecreased from 67 to p@rcent
and

1 Manured acres on which nitrogen application timing
criteria werenot met onany crop in the rotation12
percentage point declinéncreased from 16 to 38rcent

These results suggkthat there is significant opportunity to
improve the timing of manure applications, particularly when the
manures are being used as a phosphorus source.

Phosphorus 1 Appropriate Method

Overall, the surveys revealed that there was no significant chang

in adoption of more or less responsible phosphorus application

e

commercial phosphorus sourceslano inclusion of manures
improvel slightly betweer200306 and 2011Between 20006
and 2011, the following trends related to phosphorus application
met hod were noted in the Ches
cropland acres receiving commercial ferélias their sole
phosphorus source, with no manure inputs (table 2.8):
1 Commercial phosphorus receiving acres (no manure
inputs)on which phosphorus application methogteria
were met orall crops in rotationmaintained 200396
conservation levels1 ard 53 percent of cropped acres in
200306 and 2011, respectively);
1 Commercial phosphorus receiving acres (no manure
inputs)onwhich phosphorus application methodteria
were met orsome but not altropsin rotation 7
percentage point improvemeimcreased from 19 to 26
percentand
1 Commercial phosphorus receiving acres (no manure
inputs) on which phosphorus application methdtkria
werenot met onany crop in the rotation9 percentage
point improvementdeclined from 31 to 2@ercent

Phosphorugspplication methodnanagement in manured systems
did not improve betweeP00306 and 2011Between 200396
and 2011, the following trends related to phosphorus application
met hods were noted in the Che
croplandacres receivig manure inputs as a phosphorus source,
with or without additional commercial fertilizer inputs (table 2.8):
1 Manured acresnwhich phosphorus application method
criteria were met oall crops in rotation7 percentage
point declinedecreased from 28 @i percent
1 Manured acresnwhich phosphorus application method
criteria were met osome but not altropsin rotation 7
percentage point declindecreased from 42 to 3ercent
and
Manured acres on which nitrogen application timing
criteria werenot met onany crop in the rotation14
percentage point declin@creased from 30 to 4dercent
These results indicate a significant need for improving manure
application methods



Table 2.8 Phosphorus management practiaed percent cropped acneghin each categorfor the Chesapeake Bay regi@90306
and 2011.

Phosphorug 200306 2011 200306 2011
acres acres percent percent

No P applied to any crop in rotation 43,000 <1 1 <1
Foracreswhere P is applied: 99 100
Commercial Fertilizer Only 2,414,000 2,264,000 60 52

Manure with or without Commeral Fertilizer 1,608,000 2,089,000 40 48

Rate of application
Acres receivinggommercial fertilizer and/or manuapplications

Rotation meetthe phosphorus rate criteria described in text 54 57
Some but not all crops in thetation meet the phosphorus rate criteria described in text 46 43
Acres receivinggommercial fertilizemapplicationsonly:
Rotation meetthe phosphorus rate criteria described in text 68 76
Some but not all crops in thetation meethe phosphorus rate criteria described in text 32 24
Acres receivingnanure with or without commercial fertilizapplications
All crops in rotation meet the phosphorutereriteria described in text 32 35
Some but not all crops therotation meet the phosphorus rate criteria described in text 68 65

Time of application:
Acres receivinggommercial fertilizer and/or manuapplications

All applicatiors of phosphorus fertilizer less than 21 days before planting 53 42

Some but not all applicatisof phosphorus fertilizer within 21 days before planting 34 38

No applicatiors of phosphorus fertilizer within 21 days before piag 13 19
Acres receivinggommercial fertilizemapplicationsonly:

All applicatiors of phosphorus fertilizer less than 21 days before planting 75 69

Some but not all applicatisof phosphorus fertilizer within 21 days before planting 13 18

No applicatiors of phosphorus fertilizer within 21 days before planting 12 11
Acres receivingnanure with or without commercial fertilizapplications

All applicatiors of phosphorus fertilizer less than 21 days before pignti 16 13

Some but not all applicatisof phosphorus fertilizer within 21 days before planting 67 59

No applicatiors of phosphorus fertilizer within 21 days before planting 16 28

Method of application
Acres receivinggommerdal fertilizer and/or manurepplications

All applications of phosphorus incluteorporation or banding/foliar/spot treatment 42 37

Some but not alhpplications of phosphorus inclugieorporation or banding/foliar/spot treatment 28 30

No applications of phosphorus inclutieorporation or banding/foliar/spot treatment 30 32
Acres receivinggommercial fertilizemapplicationsonly:

All applications of phosphorus inclugieorporation or banding/foliar/sptreatment 51 53

Some but not alhpplications of phosphorus inclugheorporation or banding/foliar/spot treatment 19 26

No applications of phosphorus inclugteeorporation or banding/foliar/spot treatment 31 22
Acres receivingnanure with owithout commercialfertilizer applications

All applications of phosphorus incluteorporation or banding/foliar/spot treatment 28 21

Some but not akipplications of phosphorus inclugeorporation or banding/foliar/spot treatment 42 35

No applications of phosphorus inclugeorporation or banding/foliar/spot treatment 30 44

Rateandtiming and method of applicatiofexcludes acres not receiving phosphorus):
All applicatiors meet the phosphorus rate criteria describéexinand application withi 3 weeks before planting

with incorporation or banding/foliar/spot treatment 22 21
Some but not alipplicationameet the phosphorus rate criteria described in text or application within 3 wee
beforeplanting with incorporatin or banding/foliar/spot treatment 78 79

Nitrogen and Phosphorus
Crop rotatiorphosphorusandnitrogenrates meetriteria described in text and all applicati@tzurwithin 3 weeks
before plantingand includéncorporation or banding/foliar/spteatment, including acres with mitrogen or
phosphorusipplied 8 5

Note: Percents may not add to 100 because of rounding.

* These estimates include adjustments made to the reported data on nitrogen and phosphorus application rates froimettesinfayissing data and data entry

errors. In the case of phosphorus, thee8r data period for which information was reported was too short to pick up phosphorus applications neatkeStedr

intervals between applications, which is a common pmaéticproducers adhering to sound phosphorus management techniques. Since crop growth, and thus canopy
development which decreases erosion, is a function of nitrogen and phosphorus, it was necessary to add additionalvghesphemeported levels veer

insufficient to support reasonable crop yields throughout the 52 years in the model simulation. (For additional infarradjigstroent of nutrient application rates,

s e Adjusitment of CEAP Cropland Survey Nutrient Application Rates for APEX Modelinga v a i hitpa/sMwenrcausda.gov/technical/nri/céap
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Nitrogen and Phosphorus Management i Rate,
Timing, and Method

The avoidance component of the ACT strategy is partially
achieed through appropriate nutrient application
management, including the 4Rs (rigate, righttiming, right
method and rightform of application). Nitrientapplication
managemenplanning and actuation did not see the significant
gains accomplished in ttegloption of Control and Trap
practices. However, there was a generally positive trend in the
observed decline afcreageon whichno crops in rotation had
appropriate rate, timing, or method of nutrient application.
There was also a trend towards a slidggtline in acres on
whichall crops in rotation received appropriate rate, timing, or
method of nutrient application. While most acres have
evidence of some nitrogen or phosphorus management, the
majority of the acres in the region lack consistent usheof
4Rson each crop in every year of productidiis is

especially true for manured acres, on which the 4Rs are not
being met through comprehensive nutrient management plans.
Between 20036 and 2011, the following trends related to
achieving right ratesight timing, and right method of nutrient
application were noted in t
cultivated croplandcres (tables 2.7 and 2.8):

1 Nitrogen receiving acres on whiell crops were
managed with the right nitrogen rate, timing, and
method:6 pecentage point declinelecreased from 13
to 7 percent;

9 Nitrogen receiving acres on whislbme but not albf
the 4Rs were mdobr nitrogen application management
6 percentage point improvemeiricreased from 87 to
93 percent;

1 Phosphorus receiving acres whichall crops were
managed with the right phosphorus rate, timing, and
method:maintained 20036 conservation level@2
and 21 percent of cropped acres in 2083and 2011,
respectively);

91 Phosphorus receiving acres on whitime but not all
of the4Rs were mefor phosphorus application
managementmaintained 200806 conservation levels
(78 and 79 percent of cropped acres in 200&nd
2011, respectively); and

9 Nutrient receiving acres on whietll crops were
managed with the right rate, timing, ameithod for
both nitrogen and phosphorusnaintained 20036
conservation level@ and 5 percent of cropped acres in
200306 and 2011, respectively).

A number of factors may contribute to current challenges in
nutrient application management. First, grep &res

receiving manure increased fror@ t® 48 percenbetween
200306 and 2011(fig. 2.3). The negative trafs in timing and
method ofmanureapplicationmay be the result of traditional
manure users applying manure to more acres. The greater time
requirement associated with spreading manure on more acres
may inhibit their ability to meet application timing criteria.
Also, new manure users may be adjusting toaganry this

new nutrient sourcdzurther complicating the issue of
responsible manure manaxent is the widespread adoption of
conservation tillage systems.oMill systems in particular

require changes in form and/or method of manure application

he

in order to maintain a ntll systemwhile alsomeeing
responsible manure applicatioriteria A number of
technologies and methodologies have been developed to
reduce soil disturbance associated with manure incorporation.
For example, a ntill system is compatible with injected

liquid manures. Alternatively, light disking associated with
mulchtill systems would allow the farmer to maintain a
conservation tillage system while also meeting the
incorporation needs of manurdsis approach would keep

soil disturbance at a minimum while still incorporating
manure, thus reducing the risk of nutrient la%sg$inal factor
potentially complicating nutrient management in the region is
the widespread adoption of new cropping systems g2ub
2.5, and 2.6).

Nutrient Application Management

Treatment Levels

Fourtreatmentevelsindicating management intensior

nitrogen and phosphorus were derived to enable evaluation of
nutrient managemeievelsin the Chesapeake Bay region
during both survey periodManagementreatment levels
werelonBirfed it doiPrisidlads¥s tdoRsHuct@dhseation
treatment levis, whichestimate undetreated acres and
treatment needs in chapterCriteria for the scoring system

for determining treatment levels are presefefippendix D

The same scoring classificatioras used in classifying the

level of nutrient applicatin management in place during each
survey periodThis scoring and evaluation system differs from
the previous reportds evaluat
classification of acres will not be directly comparable between
this and the original ChesapeakeyBagion CEAP report

(USDA NRCS 2011)This newclassification system applies a
score for rate, timing, and methdihe classification method
accommodates manure and commercial fertilizer management
and allows for split applicationlthough it is not disussed

in this report, the appropriateness of the form of nutrient being
delivered should be considered in conjunction with rate,
method, and timing of nutrient application in the development
of sound nutrient management plamke choice of form is
oftendictated by the farm operation and econonildse

maximum score is 60 points, wig® potential points ieach
category (rate, timing, and methgd@ppendix D) Treatment

level scores are as follows:

9 High: 450r morepoints; represents acres with nutrient
management meeting or exceeding management
criteria in each of the three scoring categgries

1 Moderately High: Less than 45 points but mottean
or equal to 30 points; requires that management in at
leastl category meets or exceeds acceptable crjteria

1 Moderate: Less than 30 points but mattean or equal
to 20 points; generally requires rate, timing, or method
management score to be at or near appropriate jevels
and

1 Low: Less than 20 points; management in no category
meets the criteria to qualify as appriape application
management.



In reference to nitrogen fertilizer applicationtse tpercent of
cropped acrewith high (5 and 6 percent of cropped acres in
200306 and 2011, respectivelghdlow (21 and 20 percent of
cropped acres during 20@® and 201, respectively)evels

of conservation practicder nitrogen application management
were maintained at 20636 levels during both survey periods
(fig. 2.4). Acreagereceivingmoderately highnitrogen
application management declineg 11 percent, decreiag
from 39 to 28percent otroppedacreshetweer?2003-06 and
2011. Concurrentlyacreage receivinmoderatelevels of
treatmenincreased from 34 to 47 percent of cropped acres
betweer200306 and 2011(fig. 2.4).

As noted in table 2.#glative t02003-06, nitrogen application
management in 2011 was less consistent in application of
appropriate rates, timingndmethod forall crops in rotation on
a given acreThe increase in acres with manure application
providing nitrogen inputbetweer200306 and2011 appears to
be a driver of this declin®dlon-manured acres witmoderately
high treatment levelgleclined from 33 to 22 percent of acres
between 20086 and 2011. This 11 percentage point decline
occurred at the same time manured acres nierate
treatment levels of nitrogen application management
experienced an 11 percentage point incréfge2.4)

Between 20036 and 2011, acres receivilay levels of

nitrogen application management remained constant, whether
manured (16 and 15 percent of gped acres in 20086 and

2011, respectively) or nemanured (5 percent in both survey
periods). Similarly, acres receiviggh levels of nitrogen
application management remained constant, whether manured
(<1 and 1 percent of cropped acres in 2063and2011,
respectively) or nomanured (5 percent in both survey
periods).

region and a complementary increased awareness of nutrient
management concerns associated with maappécation.
However, as noted in the previous sections on nutrient
management trends, opportunity remains to improve adoption
of consistent and proper nutrient application management
plans

In 2011, thepercent of acres on which manure was used as a
nutrient source increasext were maintained at 2041 levels

in each of the four subregions of the Chesapeake Bay region
(fig. 2.3). The basin with the highest percentage of acres
receiving manure applications is the Susquehanna Bagn
(subregior0205, in which manure use increased from
occurring on 530 61 percentof cropped acres between 26003
06 and2011(fig. 2.3). The largest change in manure adoption
was seen in the Lower ChesapeBlg subregion (0208),
wheremanured acreage increased from 1éqercent of
cropped acres between 2608and2011.Still, the Lower
ChesapeakBay subregion remains theutregion with the
fewestmanuredacresand the lowest percent ofoppedacres
receiving manure.

In 200306, 13.4 million tons of manureasappledin one or
more years of the crop rotatiém 38 percent of theropped
acresin the Chesapeake Bay region (1.6 million ac(ég)

2.3). By 2011, the amount of manure applied had increased to
22.1 million tons and the acreage receiving maack

increased to 48 percent of thmpped acrei the Chesapeake
Bay region (2.1 million acres). This change is calculated on a
weight basis rather than on the basis of the nutrient content of
the applied manure.

The 65 percent increase in total tons of marmmgied
betweer?00306 and 2011 occurred with a trend toward fluid
manure applicationdanure in liquid form accounted for 26

Phosphorus application management did not change appreciably percent of total manure applied2003-06 and 42 percent of

between the two survey periods (fig. 2.5). Overhk, percent

of cropped acrewerehigh (24 and 27 percent of croppecres

in 200306 and 2011, respectivelyjoderate(19 and 18

percent of cropped acres in 2608 and 2011, respectively),
andlow (19 and 22 percent of cropped acres in 200&nd

2011, respectively).evels of conservation practices for
phosphorus applation management were maintained at 2003
06 levels during both survey periods (fig. 2.3préage
receivingmoderately highphosphorus application management
declinedby 6 percent, decreasing from 38 to@cent of
croppedacresbetweer2003-06 and 2011 The only change

noted in normanured acreage phosphorus application
management occurred in theoderately hightreatment

category, where acreage declined 7 percentage points, from 28
to 21 percent of all cropped acres. Phosphorus application
management ahanured acres did not change between the two
survey periods (fig. 2.5). The ability to maintain 2008
conservation levels could be considered a positive outcome,
considering the 10 percent increase in manured acres that
occurred between the two survesripds (fig. 2.3).

Manure Management
The 2011 data in the Chesapeake Bay CEAP analysis indicate
both increased manure application in the Chesapeake Bay

the total in 2011.

Manure application rates also increased betv2883.06 and
2011, rising from an average application rate of 12.6 to 16.8
tons per acre per yeatespectively. e average per acre
amount of nitrogen applied as manimereased by 13 percent,
rising from 22.0to 24.8poundsper acrebetweer200306 and
2011. The average per acre application of phosphorus applied
as manuréncreased by 10 percent, rising from 3.7 to 4.1
pounds per acre between 200@ and 2011

Manure from livestock producers is being spread on more
acres and in particular, on efirmacresin this context, off

farm acres are those cropped acres on farms where manure is
not producedWhile acreage receiving manure increased by
half a million acres, acreage receiving manure produced on
farm actually decreased slightly, falling from 8830 acres in
200306to 865,000 acres in 201Thecropped acres

receiving manure from efarm sources represented 83 percent
of the total manured acres2003-06, but only 66 percent in
2011.The number of manured acres whichthe operator
purchased @nurenearly quadrupled between 2008 and

2011, rising from 57,000 acres to 203,000 a¢figs 2.6).



Figure 2.4. Conservation treatment levels for nitrogen application management level in the Chesapeake Ba&30Gg0@and
2011.
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Figure 2.5. Conservation treatment levels for phosphorus application management level in the CheBapeeag®n, 200306 and
2011.
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Additionally, the region saw a doubling of manured aae
which the operator was paid to apply manure; these rose from
24,000to 55,000 acres between 2608 and 2011 (fig. 2.6).

The proportion of manured acres whegsted manures were
applied increased from 15 percent (154,000 acre2)®3-06

to 37 percat (488,000 acres) in 201There hae been

vigorous education campaigim the past decade in the
Chesapeake Bay region to encourage operators to do better
phosphorus management, which would at least in part account
for lower phosphorus application ragesr acre in 2011 with
tested manure.

In the Chesapeake Bay region, the percent of acres being
applied with manure according to a requirement or standard
increased from 1tb 42 percenbetween 20086 and2011.

Of the 14 percent ahanuredacres receivingnanure

according to a requirement or standar@@®3.06, 36 percent

had manure applied at a nitrogen standard and 14 percent had

manure applied at a phosphorus standar@011, only 16
percentof manured acrelsad manure applied at a nitrogen
standardbut 24 percent applied manure at a phosphorus
standardBoth the increase in acres receiving manure

according to a requirement or standard in 2011, and the
increase of acres applying manure according to a phosphorus
analysis during the same period sigaaloncerted effort to
address nutrient management concerns in the Chesapeake Bay
(fig. 2.5).

In the 2011 surveygperators were asked for the soil test
phosphorus level in the field if the manure was applied
according to a requirement or standddsposes indicate

that 25 percent of acres receiving manure in 2011 according to
a requirement or standard had a soil testetermine the
phosphorus level before manure was applitalvever, this
guestion was not included in the 2008 survey, so no trend
could be noted.

Figure 2.6. Cropland acres where manure was purchased or where the operator was paid to apply manure in the Chesapeake Bay

region,2003-06 and 2011.
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Chapter 3
Onsite (Field-Level) Effects of
Conservation Practices

Relative to theoriginal Chesapeake Bay region CEAP report
(USDA NRCS 2011), this report applies an updated version of
the APEX model, revised soils data, a different soil erosion
equation, new weather data, and improved methods of
accounting for conservation practic&®. enable comparisons
between the 20086 baseline conditions and the 2011
conservation conditions, the 2608 data and the 2011 data
were each analyzed with the same constraints under the
improved modeling system. Because of these changes, the
data analges for 20036 data produced different values than
those reported in the original Chesapeake Bay region CEAP
report (USDA NRCS 2011).

The use of cover crops was the most significant change in
conservation practice adoption in the region, increasing from
use on only 12 to 52 percent of cultivated cropland acres in
200306 and 2011, respectivelgover crops araunique
conservation practice that theyimpactboth surface and
subsurface loss pathways by reducing runoff and scavenging
excess nutrientsdm previous crop. However, cover crops,

like any singular conservation practice, are not a pandtes.
efficacy of cover crops for reducing subsurface losses is
highly dependent upon their frequency of use, other
conservation and management practicesiegpand the
hydrologic properties of the soil in which they are grown.
Unless they are paired with a responsible nutrient application
plan, cover crops are less effective in the near terisods

with an inherentlyhigh leaching potentidlecause thesmils
quickly lose applied nutrients to the environment when they
are not utilized by the primary crop or aost before the cover
is planted. Coarse textured soils with high leaching potentials
are especially benefited by consistent cover crop use and
reduced tillage, two complementary management techniques
that i mprove the soilsd abil

Because of the importance of cover crop use in this region a
model scenario was developed to assess the effects of cover
crop applicatiorfrequency on the overall benefits of the
practice. Specifically the scenario considered the added
benefit cover crops provide related to reduction of sediment
and nutrient losses, as well as the improvements in soll
organic carbon. The simulated lossedenthe 2011
conservation condition were compared to a scenario in which
all 2011 conservation practices were maintained with the
exception of cover crop application. This assumes that farmers
surveyed in 2011 did not alter any other crop field operations
or plant dates in the absence of cover crops. The estimated
increased benefit is an average across a variety of soil types
and suites of conservation systems employed with the cover
crops. The improvement attributable to cover crops regarding
the reductiorof sediment, nitrogen, and phosphorus losses, as
well as the changes in soil carbon dynamics are discussed in
each |l oss pathwaybés section.

The Field-Level Cropland Modeld APEX

A physical procesbased modethe Agricultural Poligy
Environmental eXtendg APEX), was used to simulate long
term effects of conservation practice adoption at the fieide
(Williams et al. 2006; Williams et al. 2008; Gassman et al.
2009 and 2010)The |_APEX model run management
software developed at the Center for Agritwilal and Rural
Developmentlowa State University was used to perform the
simulations in batch mode.

The APEX model is a fieldcale, daily timestep model able
to simulateinteractions betweeweather, farming operations,
crop growth and yield, anth¢ movement of water, soil,
carbon, nutrients, sediment, and pesticidigs 8.1). APEX
and its predecessor, EPIC (Environmental Policy Impact
Calculator), have a long history of use in simulation of
agricultural and environmental processes and the affect
agricultural technology and government policy on natural
resources (lzaurralde et al. 2008illiams 1990; Williams et
al. 1984; Gassman et al. H)(

APEX simulates theffectsof farming operations such as
planting tillage; application of commeial fertilizers,
manuresandpesticidesirrigation; and harvesbperations

Daily weather events and their interaction with crop cover and
soil properties are simulated on a daily basis to realistically
affectsimulatedcrop growth and the fate and traost of

water and chemicals through the soil profile and over land to
the edge of the field. The model transforms crop residue
remaining on the field after harvest into organic matter, which
the modelmay degrade quickly allow to build up in the soil
over time, depending on the residue qualitjage system,

and sitespecific conditions.

APEX also simulates all of the basic biological, chemical,

hydrological, and meteorological processes of farming

systems and their interactions on a daily tistep.Simulated

soil erosion includes wind erosion, sheet and rill erosion, and

&he loss of sediment beyond the egge of the field. The .
ityogein, Bhosrpﬁao usa, inl caiéh cy%lés ars g‘lrﬁulat%oL,l trie

including chemical transformations in the soil that affect

nutrient avdability for plant growth or for transport from the

field. Gaseousxxhange between the soil and the atmosphere

is simulated, including losses of gaseous nitrogen.

" The full theoretical and technical documentation of APEX can be found at
http://epicapex.brc.tamus.edu/downloads/umantals.aspx

8 The |_APEX software steps through the simulations one at a time, extracting
the needed data from the Access input tables, executes APEX, and then stores
the model output in Access output files. The Web site for that software is
http://www.card.iastate.edu/environment/interactive_programs.aspx

° Summaries of APEX model validation studies on how well APEX simulates
measured data are presented in Gassman gt@l)(9) and i n AAPE
Val i dati on f ohttp:/@GEwWAnRcs.usdamavitechnialtnri/ceap



http://epicapex.brc.tamus.edu/downloads/user-manuals.aspx
http://www.card.iastate.edu/environment/interactive_programs.aspx
http://www.nrcs.usda.gov/technical/nri/ceap

Figure 3.1.Daily hydrologic processes simulated by APEX.

&. APEX

444

Rain,
Snow,
Chemicals

Evaporation and Transpiration

LN

Subsurface
Flow
Below Root
Zone

Effects of Practices on Fate and Transport

of Water

Thehydrologic conditions ofropped acres ithe Chesapeake
Bay region interact with or drive the estimates of sediment and
nutrient losses from thesgroecologicasystems. The APEX
model simulates hydrologic processethatfield scale,
accounting for precipitation, irrigation, evapotranspiration,
surface water runoff, infiltration, and percolation beyond the
bottom of the soil profile.

Precipitation sometimes supplemented ibgation, supplies
waterto cropped acregnnual precipitatiorused in thé2-
year simulation averageabout 42 incheacross the
Chesapeake Bay regig¢table 3.). Annual precipitation
ranged from 34 to 46 inches per year, with some points
experiencing up to 68 inches in wet years and othetpoin
experiencing as little as 26 inches during dry years.
Approximately 5and 6percent otcropped acregrere irrigated
in 200306 and2011, respectively. Between 2048 and
2011, heestimated per aclierigation ratedecreaseby 7
percent, droppinfrom an average of.5 to 7.0inchesof
irrigation water appliegheracre perear(table 3.1)

Evapotranspiration, a combination of evaporation and
transpiratiorby which water is lost to the atmospheemains
the dominant water loss pathway for croppeckadn the
Chesapeake Baggion (able 3.). Evapotranspiration
accounted for 57 and 58 percent of water losses from
cropped acres in 2003 and 2011, respectively. On average,
transpiration losses total@d.2and24.9 inche®of waterper
acre per yeain 200306 and 2011, respectivelyariability in
soil characteristics, irrigation methogecipitation,and land
cover characteristicall contribute to variability in
evapotranspiratiodriven per acre losses

Structural water erosion control practicessidue
management practiceand conservation tillage slow the flow

of surface watemreducing runoff losses and allowingter to
infiltrate into the soilThis water is available to plants as it
passes through the root zone. However, thuged wagr,
previously vulnerable to loss via surface flow, becomes
vulnerable to loss via subsurface flow pathw&hsurface
flow pathways include: deep percolation to groundwater,
including groundwater return flow to surface water
subsurface flow into a tiler ditch drainage systerateral
subsurface outflopand quickreturn subsurface flow.

Conservation practices did not appreciably reduce overall
water losses, although the simulations suggest that dominant
water loss pathways have shifted due to comgiem
adoption.Without any conservation practices in plac@del
simulations suggesturface water runoffom cropped acres

in the regiorwould average 10.1 inches per acre per Y2ér
percent of all water la®s) and subsurface losses would
average & inches per acre per year (20 percent of all water
losses)Under conservation conditions of 2608 and 2011,
surface water runoff accounted for roughly [2drcent (8.8
inches per acre per year) and 20 percent (8.5 inches per acre
per year) of water Iaes from cropped acres, respectively
(table 3.). Relative to the ngractice scenaridhe surface

runoff reducing practices in place in 2008 and2011
decreased surface los¢®s13 percent (1.3 inches per acre per
year) and 16 percent (1.6 inches pere per year),

respectively. Subsurface flow losses accounted for 23 percent
(9.6 inches per acre per year) and 22 percent (9.3 inches per
acre per year) of all water losses from cropped acres in2003
06 and 2011, respectively (table 3.1).

The reduction in surface losses were accomplished at the cost
of simultaneously incre@sy subsurface lossds/ 14percent

(1.2 inches per acre per yeand 11 percer(D.9 inches per

acre per yeay)n 200306 and 2011respectively.

The distribution of water loss via surface runoff (fig. 3.2)

and subsurface flow (fig.3.3) show the variability of these two
fl ow paths across the regi
systems, and conservation efforts.

Effects of Practices on Water Erosion and

Sediment Loss

Soil erosion and sedimentation are separate but interrelated
resource concerns. Soil erosion is the detachment and
transport of soil particleim the field while sedimentation
describes thportion of the eroded material that setiles
areas onsite or offsit&ediment losslescribetshe sediment
transported beyond the edge of the field by wdter the
purposes of t hindudesteemroppdad, t
portion of the field an@ny edgeof-field filtering and
buffering conservation practices. Controglisheet and rill
erosion helps prevent sediment loss and sustain soil
productivity.

he

onbod



Table 3.1 Field-level effects of conservation practices on water loss patheragopped acrem the Chesapeake Bay regidhe
no-practice scenario, 20636 baselne conditionand 2011conservation conditian

No- Reduction: Reduction:
practice 200306 2011 No-practice to 200306 to
Model simulated outcome on cropped acres Scenario Baseline  Condition 200306 2011
Water sources
Norirrigated acres
Averageannual precipitation (inches) 42.3 42.3 42.3
Irrigated acres
Average annual precipitation (inches) 42.7 427 43.1
Average annual irrigation water appliédches)* 7.5 7.5 7.0
Water loss pathways
Average annual evapotranspioat (inches) 243 24.2 24.9 0.03 -0.7%*
Average annual surface water runoff (inches) 10.1 8.8 8.5 13 0.3
Average annual subsurface water flows (inches) ** 8.4 9.6 9.3 1.2 0.3

* |rrigation practices remained fairly constant between the tweeygs. Irrigation was practiced &and6 percent of the cropped acres in the Chesapeake Bay
regionin 200306 and 2011 respectively

** Subsurface flow pathways include: (1) deep percolation to groundwater, including groundwater return flow; (2xceifiswrfinto a drainage system; (3)
lateral subsurface outflgvand (4) quickreturn subsurface flow.

** Negative values connote an increase in losses rather than a reduction in losses. For example, thansanggresfcreasean evapotranspiratiolosses of
0.7 inch per year (3 percent increase) for cropped acres due to the changes in conservation practice@®@@08eesm 2011.

Figure 3.2 Estimates ofongterm average annual surface offriosses of water on cropped acieshe ChesapeakBay regionthe
no-practice scenario, 20636 baseline conditiorand 2011conservation conditian
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Figure 3.3 Estimates ofdngterm average annual subsurface floases of water on cropped acieshe Chesapeake Bay region
the nepractie scenario, 20086 baseline condition,ral 2011conservation conditian
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Sediment loss, as estimated in this study, includes the portion
of the sheet and rill eroded material that settles offagavell

as sediment that originates fraphemeragully erosion
processed’ Sediment is composed of detached and
transportedoil particles organic matter, plant and animal
residues, and associated chemical and biological compounds,
including nutrients.

The full set 02007NRI points for cropped acres this
regionand the sample set from 2011 indicslightly more
than 40 percent of the acrds75 million) areclassified as
highly erodible landKIEL). The 200306 survey documented
44 percent HEL acres, which is within the margin of error.
Most of theHEL acres aréocated in the Appalachian
Highlands physiographic region (includitige Piedmont
province AppalachiarPlateaus provincandAllegheny
Mountainsection) where relatively shallowroppedsoils tend
to occur on moderately sloping to steapdscapes. In these
more vulnerable landscapes, annual sedimentsass vary
considerably de to variability in storm intensity and length of
weather events

1% For this study, the APEX model was set up to estimate sediment loss using
a modified version foUSLE, called MUSLE, which uses an internal sediment
delivery ratio to estimate the amount of eroded soil that actually leaves the
boundaries of the field. A large percentage of the eroded material is
redistributed and deposited within the field or trappg buffers and other
conservation practices and does not leave the boundary of the field, which is
taken into account in the sediment delivery calculation. The estimate also
includes some ephemeral gully erosion. For this reason, sediment loss rates
canexceed sheet and rill erosion rates.

Sheet and rill erosion

Traditional conservation plannirggforts tocontrol sheet and

rill erosion focus orachievinga calculated soil loss tolerance
(T). The T value represents the maximum annual soil loss rate
at which current production levels are sustainable. Simulations
show that between 20a8 and 2011, conservation efforts
made gains imeducing the incidences of field erosion losses
greater than T. Cropland on which losses greater than T
occurred were reduced from 28 to 11 percent of cropped acres
between 20086 and 2011 (table 3.2 and fig. 3.Zhese
conservation gains werdgiven lagely by the significant
reductionof HEL acreson which sheet and rill erosion
excee@d T, which droppedrom 57 to 19percentof HEL

acres between 203 and 2011(table 3.2 and fig. 3.4).

Relative to a ngractice scenario, model simulations suggest
tha conservation practices adopted in 2@&3reduced sheet

and rill erosion by 51 percent, an average reduction of 3.9 tons
per acre per year. Relative to 200@ losses, conservation
practices adopted in 20feduced sheet and rill erosibg an
additional59 percent, an average reduction of 2.2 tons per
acre per year (table 3.3h 200306, the 10 percent of cropped
acres most affected by sheet and rill erosion were losing more
than 10 tons of soil per acre per year. By 2011, only 3 percent
of acres weredsing more than 10 tons of soil per year to sheet
and rill erosion.



Table 3.2.Assessment of sheet and rill erosion based.on T

200306 2011 200306 2011

Acres Acres Percent Percent

(1,0C (1, 0C ofAcres of Acres

NHEL OT 2,468.1 2467.2 86 95

NHEL >T 394.6 141.7 14 5
NHEL all 2,862.7 2,608.9

HEL oT 611.1 1,412.1 43 81

HEL >T 806.1 3324 57 19
HEL all 1,417.2 1,744.5

All OT 3,079.2 3,879.3 72 89

All >T 1,200.7 474.1 28 11
All All 4,279.9 4,353.4

Note: Ero$on estimates were made with RUSLE2, within APEX. HEL are
highly erodible acres; NHEL are ndrighly erodible acres. The full set of
NRI points for cropped acres in this region indicates slightly more than 40
percent of the acres are classified as HEL

Simulations show that relative to a-poactice scenario, 2003

06 conservation practices reduced sheet and rill erosion losses
on highly erodible land (HEL) by 53 percent (8.7 tons per acre
per year) and on nenighly erodible land (NHEL) by 50

percent (1.8ons per acre per year) (table 3.3). Relative to the
200306 conservation condition, the additional practices
adopted in 2011 reduced sheet and rill erosion losses on HEL
by 66 percent (5.0 tons per acre per year) and on NHEL by 50
percent (0.8 ton per azper year).

Sediment loss due to water erosion

Reductions in sediment loss due to conservation practices are
much higher for some acres than others, reflecting both the
variability in the level of treatment applied and differences in
the inherent erodibty of the soil. Relative to a ngpractice
scenario, model simulations suggest that conservation practices
adopted in 20086 reduced sediment losses by 54 percent, an
average reduction of 6.0 tons per acre per year. Relative to
200306 losses, conservati practices adopted in 2011 reduced
edgeof-field sediment lossdsy an additional 63 percent, an
average reduction of 3.2 tons per acre per year (table 3.3)
Model simulations show that und2003 06 baselineconditions,
59 percent o€ropped acrelstless than 2 tons of sediment per
acre per year and thid percent of cropped acres with the worst

crop use irproved reduction of sediment losses by nearly 58
percent. Frequency of use made a substantial difference.
Annual adoption of cover crops improved sediment reduction
by 78 percent, while use at a frequency of one out of every
three years or more, but notrarally, improved the sediment
reduction by 56 percent. Less frequent cover crop use still
provided sediment loss reduction improvements of 38 percent.
The annual use of cover crops and their effect on sediment
loss reduction illustrates the valuable comation service

they provide in keeping the soil covered and protected from
fall and winter storm events.

The APEX simulations suggest that conservation practices
adopted between 208 and 2011 had similar impacts on
surface water runofftable 3.1). Asoted above, relative to a
no-practice scenario, conservation practices adopted in-@603
and 2011 reduced surface water losses by 13 and 16 percent,
respectively. However, simulations suggest thatrdy the same
time period, conservation practices reckdsediment losssby

63 and 83percentrelative to a nepractice scenario (table 3.3,

fig. 3.5). The lack of synchrony inonservation gains for

surface water and sediment loss indicates that the concentration
of sediment in surface water decreased bet200306 and
2011.In other words, although water losses were reduced by 13
and 16 percent, the water that was lost was not laden with
sediment. Sediment concentrations in surface water may have
been diminished by conservation practices that reduced rai
drop impacts, such as cover crop adoption and reduced tillage
practicesConservation practices such as reduced tillage, cover
crops, and buffers also slow water runoff, allowing sediment to
fall out of suspension and be retained on the field.

Ironically, this cleaner surface water is less viscous and would
have higher erosive energy than would a similar volume of
sediment laden runoff. This phenomena is often observed within
in no till fields, where the residues intercepting the raindrop
impact produceleaner runoff, which, when concentrated, can
produce ephemeral gully erosion. The cleaner, faster flowing
water would also have a greater capacitypicking up
previously deposited sedimentsis potentially negative

impact that cleaner water has anlg formation is due to
positive conservation outcomes of sediment loss reduction
practicesThis flow dynamic caused by the adoptiorupfand

sediment loss problems lost more than 15.7 tons of sediment per erosion control practices will take time to stabilize before the

acre per year. Undéhe 2011conservatiorcondition 83
percent ocropped acrekost less thn 2 tonof sedimenper
acre per yeaandonly 3 percent oroppedacredost more than
15.7 tons of sediment per acre per year.

Simulations show that relative to a-ptactice scenario, 2003
06 conservation practices reduced sediment losses on highly
erodible land (HEL) by 56 percent (14.0 tons per acre per
year) and on nohighly erodible land (NHEL) by 53 percent
(2.3 tons per acre per year) (table 3.3). Relative to the-2603
conservation condition, the additional practices adopted in
2011 reducedediment losses on HEL by 68 percent (7.5 tons
per acre per year) and on NHEL by 60 percent (1.2 tons per
acre per year).

The model scenario in which cover crops were removed from
the 2011 conservation systems indicates that on average cover

full benefit of the additionatonservatiorpractices are realized
These complicated interactions demonstrate the importance of
comprehensive conservation planning.

In addition to reducing overall average anmsedimentosses,
conservation practices put in place betw2e8306 and 2011
decreasethe annual number and severity of significant single
storm events causing large losses. Instead of examining the
losses of a significant weather event such asye2b storm,
this analysis looks at th@edictedsediment loss from strong
storms of any magtude Acreage with a sound conservation
management plan may have losses from a rare storm event
well below losses typical of acreage with a low level of
conservation and less intense stoBadiments lost from these
significant events cause excessive dgmto the environment
and tend to persist in the ecosystem, only to ispended
months or years later with subsequent exceptional storms.



Figure 3.4. Estimates ofong-termaverage annual sheet and rill erostmrcropped acres in the Chesapeake &ayon: theno-
practice scenario, 20686 baseline conditiorand 2011conservation condition.
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Table 3.3 Changes in average fielevel effects of conservation practices on erosion and sedimemriasspped acrei the
Chesapeake Bay regiontiveen2003-06 and 2011.

Reduction: No-
practice to Reduction: 2003

No-practice 200306 2011 200306 06 to 2011
Model simulated outcome (tons/acre (tons/acre)  (tons/acre) (tons/acre) (tons/acre)
Cropped acres
Average annual sheet and rill erosion* 76 3.7 15 3.9 2.2
Average annual sediment loss at edfidield
due to water erosion 111 5.1 1.9 6.0 3.2
Highly erodible land (HEL)
Average annual sheet and rill erosion* 16.3 7.6 2.6 8.7 5.0
Average annual sediment loss at edfidield
due to water erosion 25.0 11.0 35 14.0 7.5
Non-highly erodible land (NHEL)
Average annual sheet and rill erosion* 3.2 1.6 0.8 1.6 0.8
Average annual sediment loss at edfiéield
due to water erosion 4.3 2.0 0.8 2.3 1.2

* Estimated usig the Revised Universal Soil Loss Equation.

Note: Percent reductions were calculated prior to rounding the values for reporting in the table and the associated text.

Note: In the 200306 survey there were an estimated 1.87 million HEL acres (44 perEeatyubset of NRI points for the 2011 survey had 1.75 million HEL é&t@es
percent); a difference ofgercent and also within the margins of erfidre full set of NRI points for cropped acres in this region indicates slightly more than 40 percent
of theacres are HEL.



Figure 3.5. Estimates ofong-term average annual sediment $&sto water erosion onropped acrem the Chesapeake Bay region
the nepractice scenario, 20636 baseline condition, and 2011 conservation condition.
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In this gudy, a system is considered adequately treated for
sediment if over the 52 years of weather conditiahses

on averagdessthan 2 tons of sediment per acre per year.
Figure 3.6shows theaverage number of days each year in
which a storm evens predicted tgproduce moe than 1 ton of
sediment lossAcres on which sediment losses of this level
were predicted toccur on more than 2 days within one year
are considered lagkg in adequate sediment conservation
treatmentln the nepractice scenario @ 50 percent of the
acres have more than 2 tons of sediment loss from just two
storm events each ye&ainder200306 conservation
conditions,simulations showt 7 percent ofropped acres
would exceed th@-ton loss threshold due to orthyo storm
eventseach of whichwould cause a loss df or more tons of
sedimentRelative to 20026, mnservation practices adopted
in 2011would decrease the acres experiencing antusses

in excess of 2 tons due to two storm eveotsnly 7 percent

of cropped acredf adoption of suites of soil conservation
practices continue, these large single loss events are tikely
become less frequent (fig. 3.6).

Effects of Practices on Soil Organic Carbon
Soil organic carbofSOC) reduces erodibility arichproves
t h e stractuteBurient cyclingcapacity water holding
capacity,andbiotic integrity. The most practical way to
improve soil health is to manage for soil organic matter

(SOM). SOMe nhances s @arford all ofatbvitadl i t vy
functions, includingnain@iningcrop production with
concurrent reduction in the potential for sediment, nutrient,
and pesticidelosseBecause carbon is
constituentjncreasing SOM also sequesters carbon and
reduces atmospheric carbon dioxide, lessening agricaltsire
contribution toclimate change.

S ON

In this study, estimation of soil organic carqf@ODC)change
assumes a starting point for the simulation based on soil
characterization data from soils impacted by years of

cultivation practicesTo more appropriatelypgroximate soil
carbon stores for the surveye
measured soil characterization data that included SOC from
pedons with evidence of tillage. The carbon data for these soil
characterization pedons was also compared to datztzulle
from the USDA NRCS Soil Sci en
AssessmentRaCA) project. To date over 35,000 sites across
multiple land uses have been sampled and analyzed for SOC.
The SOC for the soils used in this study were compared to the
middle 80 perent of the range of results for similar soils in
theRaCAdatabase. Data falling outside the range were

adjusted to the median values found inR@&CAsoils. These

more realistic starting carbon levels attempadbdimpart

erroneous stores of organicnoigen sincesSOM generally

maintains a carbon to nitrogen ratio of 10:1.



Figure 3.6. Estimate of average number of days each year in which a storm event produced more than 1 ton of sedirttenttoss
practice scenario, 20686 baseline conditionnal 2011 conservation condition.
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Simulation modeling shows carbon management improved or
was maintained on all cropped acres in 2011, as compared to
200306. As noted previously, the widespread adoption of
high residue crop rotations, cover crogsyctural practices,

and conservation tillageetween 20086 and 2011 played a
significant role in the widespread positigleanges in soil

carbon trendgtable 3.4) It should be noted thahaualSOC
dynamics and the impact of conservation practicethose
dynamics vary considerably among acres in the region

The combination of high rainfall on sloping soils and mild
winters that allow rapid degradation of organic materials make
carbon accumulation challenging in the Chesapeake Bay
region Further,the highly weathered, less reactive nature of
the soils in this region makes them vulnerable to carbon loss
under even moderately intense tillage. Therefibre,
maintenancef SOCrequires a comprehensive conservation
plan on most acres. Maintaining adatgicarbon levels a
valuableconservation achievemetitor the purposes of this
report, copping systemareconsidered to be maintaining
SOCif average annual gains or losses do not exceed 100
pounds per acre per yedhis rate of change ifficult to
detectin a short time period. It may take more tt2ryears

for a 0.1 percent change in SOC to occur.

Model simulations show that in 20@® cultivated cropland

acres in the Chesapeake Bay region were on average losing
SOC at a rate of 189 pounds jere per year (table 3.4). The
increased adoption of cover crops, conservation tillage, and
structural practices in 2011 reduced average SOC losses to 95
pounds per acre per year. Thus, adoption of the conservation

practices in place in 2011 changed tkerall trend in the
Chesapeake Bay region. Conditions on cultivated cropland in
the region were improved such that on average, acres went
from losing SOC to maintaining SOC.

The data in Table 3.4 is divided into categories denoting the
three potential sborganic carbon (SOC) trends: gaining,
maintaining, or losing. These categories are further stratified
by average tillage type for the crop rotation. Acreage gaining
more than 100 pounds of SOC per year increased by 9
percentage points, from only 3 pemtef acres in 20086 to

12 percent in 2011. Not only were more acres gaining SOC in
2011 than in 20086, but acres gaining SOC were gaining an
average of 30 more pounds of SOC in 2011 than in-B@03
Acres maintaining SOC also increased, from 31 tpeizent

of acres in 20086 and 2011, respectively. In both survey
periods, the average rate of SOC change on acres maintaining
SOC decreased from an average annual loss rate of 29 pounds
per acre per year in 20@® to 10 pounds per acre per year in
2011.The most significant change between the survey periods
was the 20 percentage point decline in acres losing SOC. In
200306, 66 percent of cultivated acres in the Chesapeake Bay
region were losing SOC at an average rate of 289 pounds per
acre per year. Uredt 2011 conservation conditions, 46 percent
of acres were losing an average of 245 pounds of SOC per
acre per year.

The model scenario removing cover crops only from 2011
conservation systems indicate that on average cover crop use
improved enhancement soil organic carbon levels by 63
percent. Most conservation practices adopted to build SOC act



Table 3.4.Residueand tillage management practices in the Chesapeake Bay reg#06 and 2011.

200306 2011
Average Acres in Average Acres in Average
Annual Chesapeake Soil Carbon Chesapeake Soil Carbon
Residue and tillage management STIR Acres  Bay region change Acres  Bay region change
practice in use value* (1, 0 (percent) (lbs/acrelyr) (1, 0¢ (percent) (lbs/acrelyr)

Acres ganing carbon

Acres gaining >100 Ibs

carbon/acrefyear 119.8 3 159 513.3 12 189
No-till acres <20 89.5 2 168 405.8 9 195
Mulch-till acres 20-80 15.4 <1 135 80.8 2 161
Continuous conventional till acres >80 14.9 <1 127 26.7 1 184

Acres maintaining carbon

Acresgaining or losing <100 Ibs

carbortacrelyear 1,346.8 31 -29 1,838.9 42 -10
No-till acres <20 695.2 16 -25 1,272.9 29 -11
Mulch-till acres 20-80 416.2 10 -33 425.6 10 -5
Continuous conventional till acres >80 2354 6 -32 140.4 3 -17

Acres losing carbon

Acreslosing >100 Ibsarboriacre/year 2,813.3 66 -289 2,001.2 46 -245
No-till acres <20 963.2 23 -235 1,126.4 26 -216
Mulch-till acres 20-80 957.8 22 -280 608.4 14 -249
Continuous conventional till acres >80 892.2 21 -329 266.4 6 -355

Total or Average 4,279.9 -189 4,353.4 -95

* Average annual Soil Tillage Intensity Rating (STIR) over all crop years in the rotation.

Note: A description of the Soil Tillage Intensity Rating (STIR) can be fouhttg//stir.nrcs.usda.gov/

Note: In the 2006 survey there were an estimated 1.87 million HEL acres (44 perteatyubset of NRI points for the 2011 survey had 1.75 million HEL acres (40
percent); a diffeznce of 6 percent and also within the margins of eftoe full set of NRI points for cropped acres in this region indicates slightly more than 40 percent
of the acres are HEL. Soils are classified as HEL if they haggadibility Index (El) score of 8r higher. A numerical expression of the potential of a soil to erode, El
considers the physical and chemical properties of the soil and climatic conditions where it is located. The higher tthe gneater the investment needed to

maintain the sustaability of the soil resource base if intensively cropped.

Note: Percents may notédtb totals because of rounding.

to preserve residues and prevent runoff losses. Cover crops feed the soil microbes essential for soil health. Insufficient
provide those benefits and add to the residue available for nutrient availability can cause SOM to decline. This will in
conversion tasoil organic matter (SOM). Relative to no use of turn release carbon and change $bil structure and function.
cover crops, annual adoption improved the average annual Soil physical properties will begin to breakdown, increasing
change in soil carbon by 148 percent. Use at a frequency of soil erosion and runoff losses

one out of every three years or more, but not annually,
i mproved t he s ymeathg53 peccant, b o n Ehe APEX model also estimates carbon lost from the soil

while less frequent use still provided a 21 percent benefit to surface due to water and wind erosion (table £Hanges in
carbon dynamics. conservatiompractices between 20d8 and 2011 contributed
toa 109 pound per acre (27 percent) reduction in carbon lost
The average annual impact of conservation practic&0ah from the soil surface of cropped acres in the Chesapeake Bay
dynamics varies among acres, as shownlite 3.4 region This carbon at the surface is a very important part of
depending on the extent to which residunel nutrient the agroecological syam: it helps protect the soil surface
management is used, the | ocal fromleroswaforees, seavesads an importantpart obtlee fobdn h e
potential to sequester carb@uarbon loss is mitigated by supply for soil organisms which maintain soil health, and
improved tillage and erosion control practices, both of which provides the material that eventually becomes part of the SOC
reduce the physical factors that contribute to carbon loss. pool.Because of the relationshiptieen carbon and nitrogen
However, SOM maintenance also depends on the function of use in the soil microbe communities, the observed annual on
soil microbes. A diverse and wdlinctioning community of field increase 0109 pounds of carbortgble 3.6 mayconfer
soil microbes requires nutrient inputs, primarily nitrogen, to to thesoil biota the ability to takap an additionaB to 10
enable the soil to maintain and gain SOC. Comprehensive poundsof nitrogen depending on the carbom titrogen ratios
nutrient managemempians need to consider not only the of the residues and their stage of decomposititmthe

inputs necessary to feed the crop, but also inputs required to organic fraction. The enhanced use of the nitrogen by the soil


http://stir.nrcs.usda.gov/

communities prevents the nitrogen from being lost from the conservation practices reduced carbon losses and/or

system.Therefore, maintainingurface carbon enhances contributed to enhanced carbon gains in each of the four
hedthy microbial communities in the soilvhich in turn runoff classes (table 3.5).This trend continued with the
provide an additional benefit to water quality while enhanced conservation practice adoption in Z€13.7).
simultaneously improving soil health. Compared to 2063 The gainsoted in 201 demonstrate the benefits of using
baseline conditions, nitrogen additions in the Chesapeake Bay residue and tillage managemémtonjunction with structural
region increased by more thaa pounds per acre on average practices and cover crops. Not only did every runoff class
in 2011, but nitrogen and carbon losses both decledgdeen experience a 16 to 27 percentage point reduction in acres
the two survey periodg his may be indicative of improved losingSOC(table 3.9, but also the amount of carbon lost per

SOM and associated soil health on cropped acres in the region. acre by runoff class decreased by betweearitb107 pounds
per acre, with the greatest reductions inrttaleratelyhigh

Four runoff classes were devised forabpped acres in the runoff and thehigh runoff classes. Soils witlow runoff

Chesapeake Bay region based on inherent vulnerability to soil  potentials realized the largest pound per acre gais©C

erosion and associated nutrient losses through ritadoiie

3.5). Relative to the ngractice scenario, 20636

Table 35. Field-level effects of conservation ptaes on carbon for cropped acres in the Chesapeake Bay,r20@806 and 2011.

Reduction: Reduction:
200306 2011 200306 to 2011 200306 to 2011
Model simulated outcome (pounds/acre) (pounds/acre) (pounds/acre) (percent)

Cropped acres
Averageannual carbon lost from the edge of the
agricultural management zorie¢ludingimpacts of
edgeof-field conservation practices 407 298 109 27

Note: Percent reductions were calculated prior to rounding the values for reporting in the table and thedatesdcia
Note: Model simulation results for the baseline conservation ttondire presented in Appendixi& the 4subregions.

Table 36. Soil organic carbon dynamics by runoff class in the Chesapeake Bay regior)@80a8 2011.

Runoff Classes

Low Moderate Moderately High High All
200306 2011 200306 2011 200306 2011 200306 2011 200306 2011
Percent of acres Losing Carbon 54 35 79 52 66 50 83 64 66 46
Percent of acres Maintaining Carbc 43 49 21 41 30 39 13 30 31 42
Percent of acreGaining Carbon 3 17 0 6 4 11 3 5 3 12

Note: Percents may not total to 100 because of rounding.



Figure 3.7. Estimates ofong-termaverage annual change in soil organic car(8DC) oncropped acres the Chesapeake Bay
region the nepractice scenar, 200306 baseline conditiognd 2011conservation conditian
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Effects of Practices on Nitrogen Loss
Plantavailable nitrogen sources include apgdicommercial
fertilizer, appled manure, nitrogen produced by legume crops
(e.g, soybeans, alfadf, beans, and peas), manure deposited by
grazing livestock, and atmospheric nitrogen deposition.
Simulation results suggest that relative to theprexctice

scenario the conservation practices on the ground in-2603
reduced annual nitrogen inputs by ¥ygent, from 160.1 to
135.6 pounds per acre per yeaon8ervatiorpractices

adopted irR011actually increasedverage annual nitrogen
inputsby 11 percentirom 135.6 to 149.9pounds per cropped
acre per yeartgble 3.7) Although nitrogen inputs incread
between 20086 and 2011soughly 66 percent of the nitrogen
inputsweretaken up by the crop and removed at harvest in the
crop vyieldin both conditionsCrop use efficiency remained
relatively constant betweethe three scenarios, at 62 percent
for the nopractice scenario and 66 percent under both the
200306 and 2011 scenarios.

Acres with the highest nitrogen losses typically have the
highest inherent vulnerability combined with inadequate
nutrient management and runoff contr@gtween 20036

and 2011, #hough annual nitrogen inputs increasgdl 1
percent (14.3 pounds per acre per yeiti§ average amount of
total nitrogen lost from the field annualja all pathways
other than the nitrogen removed from the field at harvest,
decrased by ahat 7 percent, dropping from 58.8 to 54.9
poundsper acretable 3.7 fig. 3.8). Theseémprovementsn
nitrogen losgates between 20036 and 2011 can be

attributed to the adoption of nes@nservation practices and
their impacts on various nitrogen lossipsays

As expected, model simulation results showed that quantity of
nitrogen lost to specific pathways varies from acre to digye
3.8). Of all the nitrogen loss pathways, surface and subsurface
flows have the greatest potential to directly impadewa

quality. Most nitrogen lost to subsurface flows returns to
surface water through drainage ditches, tile drains, natural
seeps, and groundwater return fldRelative to a ngractice
scenario, the conservation practices adopted in-2803

reduced theumulativetotal nitrogen lost via surface water

and subsurface flows by2ercent decreasing loss rates from
58.3 to 41.6 pounds per acre per year. Conservation conditions
adopted in 2011 reduced 2008 losses by 22 percent
decreasing thaveragenitrogenloss rateto surface and
subsurface flows from1.6 to 32.6 pounds per acre per year

On average, the impact of the surface loss pathway for
nitrogen loss decreased with conservation practice adoption.
The surface loss pathway accounted for 36, 2d,lahpercent

of all nitrogen losses in the fractice, 20036, and 2011
scenarios, respectively (table 3.7). While the role of the
surface loss pathway declined, the role of the subsurface loss
pathway remained fairly constant, accounting from 29, 4d, an
42 percent of nitrogen losses in thepractice, 200396, and
2011 scenarios, respectiveljhe decline in surface flow

losses in conjunction with the stabjlin subsurface lossés a
positive sign, considering that the achievements reducing



Table 3.7.Estimates of longerm average annual fieldvel effects of conservation practices on nitrogen sources and loss pathways
oncropped acres in the Chesapeake Bay redfimmo-practicescenario2003-06 baseline conditiorand 2011conservation
condtion.

Average annual values in pounds per acre

---Percent Change---

No-practice No-practice to 200306
Model simulated outcome Scenario 200306 2011 200306 to 2011
All cropped acres
Nitrogen sources
Atmospheric deposition 8.8 8.8 8.9 0 0.1
Bio-fixation by legumes 31.9 31.8 36.4 -0.1 4.6
Commercial fertilizer 94.9 73.0 79.7 -21.9 6.7
Manure 24.6 22.0 24.8 -2.6 2.8
All nitrogen sources 160.1 135.6 149.9 -24.5 14.3
Nitrogen in crop yield removed at harvest 99.7 89.0 98.4 -10.7 9.4
Nitrogen loss pathways
Volatilization 18.4 14.2 17.4 -4.2 3.2
Denitrification processes 1.8 3.0 4.9 1.2 1.9
Windborne sediment 0.11 0.09 0.05 -0.02 -0.04
Surface runoff, including waterborisediment 27.9 15.7 9.7 -12.2 -6.0
Surface water (soluble) 4.9 2.4 2.1 -2.5 -0.3
Waterborne sediment 23.0 13.3 7.6 -9.7 -5.7
Subsurface flow pathways 30.4 25.9 22.9 -4.5 -3.0
Total nitrogen loss for all loss pathways 78.4 58.8 54.9 -19.6 -3.9
Changein soil nitrogen -23.3 -17.2 -10.8 6.1 6.4
Highly erodible land (HEL)
Nitrogen applied as commercial fertilizer and manure 128.8 105.2 103.7 -23.6 -1.5
Total nitrogen loss for surface and subsurface loss
pathways 80.5 54.3 36.1 -26.2 -18.2
Non-highly erodible land (NHEL)
Nitrogen applied as commercial fertilizer and manure 114.9 89.9 105.1 -25.0 15.2
Total nitrogen loss for surface and subsurface loss
pathways 47.3 355 30.3 -11.8 -5.2
Acres with manure applied
Nitrogen appliecas commercial fertilizer and manure 161.7 133.3 130.8 -28.4 -2.5
Total nitrogen loss for surface and subsurface loss
pathways 78.8 58.9 40.5 -19.9 -18.4
Acres without manure applied
Nitrogen applied as commercial fertilizer 95.0 72.8 80.8 -22.2 8.0
Total nitrogen loss for surface and subsurface loss
pathways 46.4 31.7 25.5 -14.7 -6.2

** On about half of the cropped acres, more nitrogen volatilization and denitrification occurs with practices than withees, pesetiting in only a small ahge in
nitrogen volatilization and denitrification on average for the region due to conservation practices. In preventing ossdgestier loss pathways, conservation
practices keep more of the nitrogen compounds on the field longer, where teapa@sed to wind and weather conditions that promote volatilization and
denitrification.

Note: Percent reductions were calculated prior to rounding the values for reporting in the table and the associateel &@rtuMbtdn results for the baseline
corservation condition are presented in Appendix E for the 4 subregions.



Figure 3.8 Estimates ofong-termaverage annual total nitrogen lessn cropped acres in the Chesapeake Bay regimnnc
practice scenario, 20686 baseline conditiornd2011conservation conditian
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surface flow reduction caused more nitrogen to be retained on
farm fields, making it more vulnerable to loss via subsurface
flow.

Acres classified as Highly Erodible Lands (HEL) received a
similar amount ofotal nitrogeninputsin both survey periods,
with 105.2 and 1@.7 pounds per acnger yearapplied as
commercial fertilizer and/or manures in 2608 and 2011,
respectivelyHowever, conservation practices reduced
nitrogen losses on HEL acres By percent, 0i8.2 pounds

per acre per year, between 2608and 2011. Oanropped
northighly erodible landNHEL), nitrogen application from
commerciaffertilizer and manures increased kydercent or
15.2 pounds per acre per yehut losses simultaneously
declined by 4 percentor 5.2 pounds per acre per yeais
important to note that not all the nitrogen available for loss
comes from intentionally applied fertilizers and manures; bio
fixed nitrogen and atmospheric nitrogen also contribute to the
pool of inputs upomnvhich agricultural conservation practices
are acting.

Progress toward effective management of nutrient losses
associated with manured systems is demonstrated by the fact
that although the amount of nitrogen applied to acres receiving
manureremained uncéngedbetween 20086 and 2011a
2.5pound increase is within the margins of erroijrogen

losses from manured fields declined18/4 pounds, or 45
percent over the same periddifle 3.7. Between 20036 and
2011, he commerciafertilizer-only acres saw an increase of

10 percent or 8.0 poundsn average annual nitrogen inputs

and yet achieved addercentor 6.2 pound, reduction the
amount of nitrogen lostlowever, in absolute terms the
manured acres lost 40.5 pounds of nitrogen per acrgeper

in 2011, while the nomanured acres lost 25.5 pounds per
acre.The disparity in pound per acre nitrogen loss rates
between manured and nomanured acresignifies the need

for a higher level of management when manure is part of the
cropping system

Acres not receiving manure as part of their nutrient inputs had
nitrogen application rate86.7,60.5,and 500 pounddower
thanthe averagaitrogen application rater manured fields

in the nepractice, 200306, and 2011scenariosrespectively
(table3.7). Similarly, nonrmanured acres had nitrogen loss
rates 32.4, 27.2, and 15.0 pounds lower than the average
nitrogen loss rate for manured fields in thepractice, 2003

06, and 2011 scenarios.

Nitrogen lost via surface runoff

Conservation practiceopted in 20086 and 2011 were
effective at reducing nitrogen losses associated with runoff
including nitrogen lost with waterborne sedimeRelative to
the nepractice scenario, conservation practices in place in
200306 reduced nitrogen losses infsige runoff by 44
percentage points, decreasing losses from 27.9 tgpbbirds
per acreper year. The conservation practices adopted in 2011
reduced nitrogen losses in surface runoff from 15.7 to 9.7
pounds per acre per year, a 38 percentage point reddatim
200306 loss rateftable 3.7; fig. 3.R Conservation practice
adoptionbetween the npractice scenario and 2008 baseline



Figure 3.9 Estimates ofong-termaverage annual nitrogen keswith surface runoff (including waterborne sedimemtcropped
acres in the Chesapeake Bay regtbe nepractice scenario, 20636 baseline conditiorgnd 2011conservation conditian

o 200

|
\l
(93]

B
N O1
o O

~
(&)

a1
(@)

Average annual pounds/acr
H
o
o

\

0 10 20 30 40

——No-Practice Scenario

50 60 70 80 90
Cumulative percent acres

——2011 Conservation Condition

100

—2003-06 Baseline Condition
——15 Pounds per Acre Threshold

conditionreducedhe percentage of acres on whairface
runoff losses exceed 15 pounds of nitrogen annually from
60 to37 percent of cropped acres. In the 2011 conservation
condition, onlyl8 percent of cropped acresperienced runoff
losses exceeding 15 pounds of nitrogen annu@hg
significant increase iadoption ofstructural practicg cover
crops, and comsvation tillage contributedto the control and
trap aspects of the Avoid, Control, Trap (ACT) conservation
system strategyT hese practices alargely responsible for ¢h
reduction in nitrogen losses. There is still opportunity to
improve the avoidancaspect of ACT through better nutrient
application management, which, as discussed in Chapter 2,
waslargely maintainect 200306 conservation level3 his
indicates that there is potential for more nutrient loss reduction
with improved nutrient applicattomanagementt is critical

to note that practices such as cover crops and conservation
tillage need to be maintained as active parts of the cropping
systems and management strategies if these gadrte be
continually realized in the future.

The modekcenario removing cover crops only from the 2011
conservation systems indicates on average their use improved
reduction of nitrogen losses with surface flow by over 26
percent. Frequency of use made a substantial difference.
Annual use of cover crops imgred nitrogen runoff

reductions by 40 percent and cover crop application at a
frequency of one out of every three years or more, but not
annually, reduced nitrogen loss to surface flow by 23 percent.
Less frequent use of cover crops still provided up to 19
percent reductions in nitrogen loss to surface flows. The
annual use of cover crops reduces nitrogen runoff losses by

scavenging carryover nutrients so that they cannot be lost with
runoff and by providing protective soil cover over the fall and
winter. The efficacy of cover crop adoption, even at-non

annual adoption rates, demonstrates the critical value provided
by this practice in reducing impacts of nitrogen runoff on

water quality, particularly in fall and winter storm events.

Nitrogen lost via subsurface flow

Simulation modeling shows tlsibsurface flow pathwayas

the dominant nitrogen loss pathway under all three simulated
scenarios. Roughly 39, 44, and 42 peradnibtal nitrogenlost

was lost vissubsurface flow inhe nepractice, 200306, and
2011scenariosrespectively The continued dominant role of

this loss pathway is a consequence of conservation practice
success in preventing edgéfield nitrogen losses. However,
there have been conservation gains in decreasing nitrogen
losses to sulsface flows. Between the fractice scenario

and the 20086 baseline condition, nitrogen losses to
subsurface flow pathways decreased by 15 percentage points,
from an average loss rate of 30.4 to 25.9 pounds per acre per
year. The 2011 conservation cdwh decreased the loss rate

by 13 percentage points, from 25.9 to 22.9 pounds per acre per
year (table 3.7, fig. 3.10.hese reductions are not as large as
those observed for the surface flow loss pathways is not
unexpected given that nitrogen apption management was
maintained at 20086 levels in 2011 (Chapter Z)he

subsurface losses are also being impacted by improved runoff
control measures, which redirect water and nutrients into the
soil, making them vulnerable to leaching losses. Imthe
practice scenario 52 percent of nitrogen losses associated with



Figure 3.1Q Estimates ofong-termaverage annual nitrogen lesén subsurface flovon cropped acres in the Chesapeake Bay
region the nepractice scenario, 2066 baseline conditiond 2011conservation condition.
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water movement were by subsurface pathways. The
conservation in place 2088 decreased surface losses, but
increased subsurface losses to account for 62 percent of water
related nitrogen losses and the improvedffioontrol in

2011 increased the proportion to 69 percbenproving

nutrient management plans and better adherence to the 4Rs as
part of a more robust ACT conservation strategy will provide
opportunity for significant conservation gains.

These model sioation results underscore the importance of
pairing water erosion control practices with effective nutrient
management practices so that the full suite of conservation
practices work in concert to provide the environmental
protection neededilthough oveall conservation practice
adoption reduced nitrogen losses to surface and subsurface
flows, management opportunities remdtor a small percent

of cropped acresdoption of effectivestructural conservation
practicedo treat surface flow lossesay resit in small

increases in nitrogen loss via subsurface fidihile our

results indicate thaven with this rerouting of nutrients, the
reduction in surface losses of nitrogen typically far exceed the
increased subsurface nitrogen kEssthese acres prese
important nutrient management opportunifesommonly
effective way of addressing excess losses from leaching is to
better manage the rate, time, method, and form of application
of nutrientsand irrigation water.

Practices that control runoff tendedirect flow and increase
subsurface losses of nitrogen. This improves the opportunity

for crops to utilize the nitrogen by moving the nutrient through
its root zone, but may also impact water quality. A recent
USGS study determined that more than a guat the

nitrogen currently in the groundwater in the Delmarva
Peninsula in the Chesapeake Bay watershed may continue to
contribute nitrogen to the Chesapeake Bay for more than 50
years (Sanford and Pope 2013, accepted). A comprehensive
conservation plashould include cover crops as a means of
reducing subsurface losses by scavenging carryover nitrogen
in the soil and preventing its loss during the fall and winter
months. Model results from the scenario removing cover crops
demonstrate that on averagenaal use of cover crops

reduced subsurface nitrogen losses by 35 percent. When
utilized less frequently than annually but at least one out of
every three years, cover crop application reduced the average
percentage of nitrogen lost in subsurface flows Gyp@rcent
compared to losses without cover crop management. Cover
crops provided benefits even when applied less frequently
than one out of three years, but at least once every five years;
in this scenario average cover crop adoption reduced annual
subsuréce nitrogen losses by 9 percent. It should be noted
these are average reductions across all cropping systems and
nutrient management strategies. Reduction amounts varied
greatly due to geography and other management and
conservation practices.

Other nitrogen loss pathways
Nitrogen loss via volatilization and denitrification can be
undesirable, but does not directly impact water quality. Most



of the gaseous losses are in thdddm, but there is risk of
some increased N@reenhouse gas emissiof$e rde of
volatilizationremained constant between thepractice and
200306 scenarios, accounting for 23 and 24 percent of all
nitrogen losses (table 3.7). However, under conservation
practices in place in 2011, the role of volatilization increased
by 8 pecentage points and accounted for 32 percent of all
nitrogen losses from cultivated cropland in the Chesapeake
Bay region.This increase is likely due in large part to the
increased use of manure in the regioereased infiltration
rates resulting from seessful control of surface runoff will
increase the frequency in which subsurface horizons reach
saturation, which will tend to promote denitrification. The role
of the denitrification pathway remained small, but increased
slightly across all scenarios;@unting for 2, 5, and 9 percent
of nitrogen losses in the fractice, 200206, and 2011
scenarios, respectively.

Effects of Practices on Phosphorus Loss
Phosphorus, like nitrogen, is an essential element needed for
crop growth. Unlike nitrogen, howenghosphorus rarely
occurs in a gaseous forsp the APEX model does not
includeanatmospheric componefdr simulation of

phosphorus dynamic#élthough total phosphorus is plentiful

in the soil, only the small watesoluble fraction is available at
anyone time for plant uptake. Farmers apply commercial
phosphate fertilizers and manures to supplement low
guantities of plantwvailable phosphorus in the soil.

Simulation results suggest that relative to theprerctice
scenario the conservation practicesthe ground in 206686
reduced annual phosphorus inputs by 31 percent, from 34.6 to
23.8 pounds per acre per yeaonServatiorpractices adopted
in 2011actually increased average annual phosphiopugs

by 6 percent, from 23.8 to 25@unds per cropga acre per
year fable 3.8)Although phosphorus inputs increased
between 20086 and 2011, 6and 63 percent of the
phosphorusnputsweretaken up by the crop and removed at
harvest in the crop yielth 200306 and 2011, respectively
Conservation praitte adoption clearly improvedap use
efficiency, which increased from 48 percent under the no
practice scenario to 62 and 63 percent under both the@®03
and 2011 scenarios, respectively.

Acres with the higest phosphorussses typically have the
highest inherent vulnerability combined with inadequate
nutrient management and runoff contr@gtween 200396
and 2011, although annual phosphdnmits increaseltly 6
percent (1.4 pounds per acre per yedngaverage amount of
total phosphorukst from the field annuallyia all pathways,
other than the phosphortesmoved from the field at harvest,
decrased by about 44 percent, dropping from 3.4 to 1.9
poundsper acretable 3.8, fig. 3.11)Thesdmprovementsn
phosphorugossrates between 20036 and 2011 can be
attributed to the adoption of nes@nservation practices and
their impacts on various phosphotass pathways

As expected, model simulation resudtowed that the
guantity of phosphorusst to specific pathways varies from

acre to ac (fig. 3.11) Unlike nitrogen, phosphorus has no
gaseous loss pathways. Therefore, nearly all phosphorus
losses, whether they are via surface flow or subsurface flow,
have a high potential to impact water quality. Most
phosphorugost to subsurface flow®turns to surface water
through drainage ditches, tile drains, natural seeps, and
groundwater return flonRelative to a ngractice scenario,

the conservation practices adopted in 2063educed the
cumulative total phosphorisst via surface water and
subsurface flowby 57 percent decreasing cumulative loss
rates from 8.0 to 3.4 pounds per acre per year. Conservation
conditions adopted in 2011 reduced 2@&3losses by 44
percentdecreasing thaveragghosphorusoss ratgo surface
and subsurfaciows from 3.4 to 1.9ounds per acre per year
These practices also contributed to the increased rate of
accumulation of soil phosphorus, which rose from 0.5 to 2.6
pounds per acre between 260@ and 2011t&ble 3.8.

These changes in soil phosphorute the impactsf
conservation management reported in the 2003and 2011
survey periodsThese results are not derived from actual soil
test results for the farm field§he appropriateness of a
phosphorus management plan can only be determinedheith t
trend compared to the soil test recommendat@n example,

a negative trend coupled with a high soil test phosphorus level
would indicate a sound nutrient management plan for reducing
the risk of water quality impairmertiowever, the same
negative tend with low soil test phosphorus could lead to
unsustainably mining the soil and would be detrimental to
both soil health androp productivity. The significant change

in the soil phosphorus levels from 2608 to 201, while a

good sign of retaining monghosphorus on the lanimdicates
thatproducers need toe moreaware of their soil phosphorus
andalign their annual phosphorus managementgltin

their soil test phosphorus resultsreduce the risk of

impacting water quality

While there is no ginificant change in the role of the surface
loss pathway in phosphorus losses, the emerging trend
suggests conservation practices on the ground are reducing the
role of this pathway. Under the 2008 baseline condition,

the surface loss pathway accounted97 percent of

phosphorus losses, which was no different from the no

practice scenario, in which the surface loss pathway accounted
for 99 percent of phosphorus losses. Under the conservation
practices adopted in 2011, the role of the surface loss pgithw
accounted for 94 percent of phosphorus losses (table 3.8).

Acres classified as Highly ErodilLands (HEL) received the
sameamount ototal phosphorusputs, 26.2 pounds per acre,
in both survey period$iowever, consemtion practices
reduced phodpruslosses on HEL acres Iy percent, or 3.8
pounds per acre per yedetween 20086 and 2011. Orhe
cropped norHighly Erodible Lands (NHEL)phosphorus
application from fertizer and manures increased bgeécent
or 1.8 pounds per acre per yedut loses simultaneously
declined by 3%ercent or 0.6 pounds per acre per year



Table 3.8.Estimates of londerm average annuakfd-level effects of conservation practices on phosphorus sources and loss
pathwayson cropped acrem the ChesapeakBay regionthe nopractice scenari®00306 baseline conditiorand 2011
conservation conditian

Average annual values in pounds per acre

---Percent Change--

No-practice No-practice 200306
Model simulated outcome Scenario 200306 2011 to 200306 to 2011
Cropped acres
Phosphorus sources
Commercial fertilizer 30.4 20.1 211 -10.3 1.0
Manure 4.2 3.7 4.1 -0.5 0.4
Total Phosphorus inputs 34.6 23.8 25.2 -10.8 1.4
Phosphorus in crop yield removed at harvest 16.7 14.8 15.8 -1.9 1.0
Phosphorus loss pathways
Windborne sediment 0.02 0.01 0.01 -0.01 <0.01
Surface water (sediment attached and soluble)* 7.9 3.3 1.8 -4.6 -15
Surface water (soluble) 1.1 0.5 0.5 -0.6 <0.01
Waterborne sediment 6.8 2.8 1.3 -4.0 -1.5
Subsurface flow gthways 0.1 0.1 0.1 <0.01 <0.01
Total phosphorus loss for all loss pathways 8.0 3.4 1.9 -4.6 -1.5
Change in soil phosphorus 4.3 0.5 2.6 -3.8 2.1
Highly erodible land (HEL)
Phosphorus applied as commercial fertilizer and manu 34.4 26.2 26.2 -8.2 <0.01
Total phosphorus loss for surface and subsurface loss
pathways 15.2 6.7 2.9 -8.5 -3.8
Non-highly erodible land (NHEL)
Phosphorus applied as commercial fertilizer and manu 34.7 22.7 24.5 -12 1.8
Total phosphorus loss for surface and sufage loss
pathways 4.4 1.8 1.2 -2.6 -0.6
Acres with manure applied
Phosphorus applied as commercial fertilizer and manu 46.8 39.0 35.6 -7.8 -34
Total phosphorus loss for surface and subsurface loss
pathways 8.9 4.2 2.2 -4.7 -2.0
Acres without manure applied
Phosphorus applied as commercial fertilizer 27.6 151 15.7 -12.5 0.6
Total phosphorus loss for surface and subsurface loss
pathways 7.5 2.9 1.6 -4.6 -1.3

Note: Percent reductions were calculated prior to rounding the valuepfting in the table and the associated text.



Figure 3.11 Estimates ofong-termaverage annual total phosphorusskson cropped acres the Chesapeake Bay regidhe ne
practice scenario, 206836 baseline conditiorand 2011conservation conddn.
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As with nitrogen, total phosphorus application rates are much
higher for cropped acres on which manure is part of the
nutrient management plan than on acres relying solely on
commercial phosphorus inputalfle 3.8. Progress toward
effective management of nutrient losses associated with
manured systems is demonstrated by the facthieaamount

of phosphorusipplied to acres receiving manded by 9

percent, or 3.4 pounds per acre between ZIMand 2011.
Phosphoruosses from manurdiiktlds alsodeclined by2.0
pounds, or 4®ercentover the same periodhple 3.8.

Between 20036 and 2011 he commerciafertilizer-only

acres had no appreciable change in annual phosphorus inputs
and achieved a 4ercentor 1.3 pound, reduction the

amount of phosphorusst. However, in absolute terms the
manured acres lost 2.2 pounds of phosphorus per acre per year
in 2011, while the nomanured acres lost only 1.6 pounds per
acre per yeaiThe dis@rity in pound per acre phosphotass
rates letween manured and nomanured acreis not as great

as the nitrogen disparity in manured and-neemured acre
losses. However, it stilignifies the need for a higher level of
management when manure is part of the cropping system

Acres not receiving amure as part of #ir nutrient inputs had
phosphorugpplication rate49.2, 23.9, and 19.8ounds

lower thanthe averagaitrogen application ratfor manured
fields inthe nepractice,200306, and 2011scenarios
respectively able 3.§. Similarly, na»-manured acres had
phosphorus loss rates 1.4, 1.3, and 0.6 pounds lower than the
average phosphorus loss rates for manured fields in the no
practice, 20036, and 2011 scenarios, respectively. It is

noteworthy that in all cases, the manured acres lastver|
percentage of the phosphorus applied than did the non
manured acres. The manured acres lost 19, 11, and 6 percent
of phosphorus applied in the 4poactice, 20026, and 2011
scenarios, respectively. The noranured acres lost 27, 19,

and 10 percent applied phosphorus in the fpoactice, 2003

06, and 2011 scenarios, respectively.

Phosphorus lost via surface runoff

Surface runoff was the dominant loss pathway for phosphorus,
accounting for 99, 97, and 94 percent of all phosphorus losses
in the nepractice, 20036, and 2011 scenarios, respectively.
Data suggest the role of the loss pathway is diminishing, but in
2011 it was still responsible for 94 percent of all phosphorus
losses. However, conservation practices adopted in-2603

and 2011 were edttive at reducing pounds per acre
phosphorus losses associated with runoff, including both
soluble and sedimetttound phosphorus. Relative to the no
practice scenario, conservation practices in place in-2603
reduced phosphorus losses in surface rump88 percentage
points, decreasing losses from 7.9 tof38nds per acrger

year. The conservation practices adopted in 2011 reduced
phosphorus losses in surface runoff from 3.3 to 1.8 pounds per
acre per year, a 46 percentage point reduction from-2603

loss rategtable 3.8.

Within the surface loss fraction, phosphorus bound to
sediment accounts for the majority of the phosphorus lost. Of
all lost phosphorus, the sediment bound phosphorus lost in
surface flow accounted for 85, 82, and 68 percent of



phosphorus losses in the-peactice, 200396, and 2011
scenarios, respectivelgince phosphorus tends to move with
sediment, theseeductions in phosphorus losseay be
interpreted as a direct result of ttentrolling and trapping
practices adopted beeen 200306 and 2011, such as

increased adoption of cover crops, structural practices (such as
filters andbuffers), and reduced tillage. Opportunities remain
to augment these improvements in the controlling and trapping
aspects of the Avoid, Control, dp (ACT) conservation

strategy with practices that avoid nutrient losses. Changes in
phosphorus application managemigely played little role in
achievingthe observedoss reductionsbut improved

phosphorus application management could provide future
conservation gains.

There is still opportunity to improve the avoidance aspect of
ACT through better nutrient application management, which,
as discussed in Chaptengaslargely maintaineét200306
conservation levelsAlthough conservation practicagopted
between 20086 and 2011 made demonstrable gains on
reducing sediment associated phosphorus losses in surface
runoff, the soluble fraction of phosphorus lost in surface

runoff remained constant, maintaining an average loss rate of
0.5 pounds percae. Because of the 44 percent reduction in
total phosphorus losses, the role of the surface loss pathway in
relation to soluble phosphorus loss increased in relevance,
accounting for 15 percent of losses in 2@B3 but 26 percent

of losses in 2011 (tab®8). This indicates that there is

potential for more nutrient loss reduction with improved
nutrient application managemetitis critical to note that
practices such as cover crops and conservation tillage need to
be maintained as active parts of thepping systems and
management strategies if these gains are to be continually
realized in the future.

Conservation practice adoptibetween the npractice
scenario and 20086 scenarigeducedhe percentage of acres
on whichsurface runoff losses exaissl 3 pounds of
phosphorusnnually from66 to 31percent of cropped acres.
In the 2011 conservation condition, only dércent of

cropped acresxperienced runoff losses exceeding 3 pounds
of phosphorus annuallyhile these trends are promising, the

nunber of acres exceeding thgpdund threshold
demonstrates opportunity for continued conservation gains in
phosphorus loss reduction.

The model scenario removing cover crops only from the 2011
conservation systems indicates on average their use improved
reduction of phosphorus losses by 36 percent. Frequency of
use did not substantially impact efficacy of cover crop
adoption in improving phosphorus loss reduction. Annual use
of cover crops improved phosphorus reduction by 30 percent,
while application of over crops at a frequency of one out of
every 3 years or more, but not annually, provided phosphorus
loss reductions of 28 percent. Relative to no cover crop
adoption, less frequent cover crop use reduced phosphorus
losses by up to 19 percent. The causdtfe lesser impact of
cover crop adoption on phosphorus losses relative to sediment
and nitrogen losses is unclear, but may be related to
application timing with respect to crop needs and runoff
events. There is a significantly lower risk of phosphorss lo

to subsurface flows due to its much lower mobility relative to
nitrogen.

Phosphorus lost via subsurface flow

The subsurface flow pathwagcounts for very little

phosphorus loss under all three simulated scenarios. Roughly
1, 3, and 5 percent of phdspruslost was lost visubsurface
flowsin the noepractice,200306, and 2011scenarios
respectively The trend towards increasing importance of this
pathway is due to conservation successes that have reduced
overall phosphorus losses. In fact, this Ipathway accounted
for an average of 0.1 pousdf phosphorus loss per acre per
year under all three scenarios.

These model simulation results underscore the importance of
pairing water erosion control practices with effective nutrient
management practs so that the full suite of conservation
practices work in concert to provide the environmental
protection needed



Chapter 4
Assessment of Conservation
Treatment Needs

The conservation practices in use in the Chesapeake Bay
region during200306 ard 2011 were evaluated to identify the
long-termimpact of the practices on sediment and nutrient
losses and to estimate conservati@atment need$or
controlling sediment and nutrient lesfrom fields.

Four resource concerns were evaluated for thes@beake
Bay region:

1 Sediment loss due to water erosion;

1 Nitrogen loss with surface runoff (nitrogen attached to
sediment and in solution);
Nitrogen lossvia subsurface flovpathwaysand
Phosphorus loggphosphorus attached to sediment and
in solutionin surface wateandsoluble phosphorus in
subsurface flow pathways).

f
il

Adequate treatmeifior each resource concemsitespecific

and is achieved by adopting conservation practices that treat
the specific inherent vulnerability factors associated with each
field. Not all acres require the same level of conservation
treatment and a singular practice, or even a given suite of
practices, will not provide the same amount of conservation
benefit for all acresAcres withhigh inherent vulnerability
require mordreatment than do less vulnerable acres. Acres
with characteristics such as steeper slopes and soil types that
promote surface water runoff are more vulnerable to sediment
and nutrient losses beyond the edge of the figldbverland

flow losses Acres thaare essentially flaand haveporous soll
types are more prone to nutrient losses through subsurface
flow pathways, most of which return to surface water through
drainage ditches, tile drains, natural seeps, and groundwater
return flow.

Model results sggest that adoption of structural practices
intended to reduce sediment losses coupled with adoption of
practices intended to reduce nutrient losses had significant
impacts in the Chesapeake Bay region between-260shd
2011. Acres requiring additionakatment for one or more
resource concerns declined from 59 to 46 percent of acres.
Although gains have been made, roughly half of the acres in
the region still require additional treatment for one or more
resource concerns. Further, acres that are atiyguaeated
require continued conservation planning and management to
maintain current conservation gaits.summary APEX
simulationsfor the Chesagake Bay egion indicatehe
following changes due to conservation practice adoption
between 20086 and201®
1 Acres requiring additional treatment to control
sediment runoff lossegrere reduced by 28 percentage
points,dropping from 43 to 15 percent of acres;
1 Acres requiring additional treatment to control nitrogen
runoff: were reduced by 21 percentage fsjn
dropping from 35 to 14 percent of acres;

1 Acres requiring additional treatment to control
subsurface nitrogen losséscreased by 11 percentage
points from 25 to 36 percent of acres; and

1 Acres requiring additional treatment to control
phosphorus logs:were reduced by 18 percentage
points, from 30 to 12 percent of acres.

Conservation Treatment Levels

In this studytreatment need$or cropped acrem the
Chesapeake Bay region were estimated by aefesencing
conservationtreatment levelg¢defined by the type and
combinations of conservation practickscumented in the
200306 and 2011 surveysvith inherent vulnerability
potentials(which reflect inherent risks to soils and nutrients
due to soil properties and landscape characteijistics

Consevation treatment criteria have been refined since the
previous reporfUSDA NRCS 2011)The assessment of
conservation treatment needs for the 2083eriod was re
analyzedaccording to the improved criteria. Therefore, the
findings reported here for thaurveyperioddiffer from those
previouslyreported.

Four levels of conservation treatmehigh, moderately high,
moderate andlow) were definedor each resource concern:

1 Sediment loss due to water erosiennservation
treatment levels were defindég a combination of
structural practices, cover crops, and residue and tillage
management practicéfg. 4.1);

1 Nitrogen loss with surfaceaterrunoff: conservation
treatment levels were defined by a combination of
structural practices, cover crops, thg and tillage
management practicesnd nitrogen application
management practicéig. 4.2);

9 Nitrogen loss via subsurface flow: conservation
treatment levels were defined by a combinatiothef
level of residue produced by the full crop rotatéord
nitrogen application managemegmacticeqfigs. 2.3
and 4.3) and

1 Phosphorus loss witkurface waterunoff.
conservation treatment levels were defined by a
combination of structural practices, cover crops,
residue and tillage management practiessl
phoghorus application management practiffess. 2.6
and 4.4).

When not exposed to excessive tillage, high residue crop
rotations, especially those with cover crops, tend to retain
more nutrients in the organic fractions of the soil, thereby
reducing the mount of nutrients lost to ground and surface
waters.Cropped acres managed withigh treatment level
typically maintainedsignificantly reduced sediment and
nutrient lossesas compared to acres with lower levels of
treatment (tables 4.1 through

Sediment Losses

Marked increassin levek of treatment andssociated
sedimentrelated conservation gains wedaegelydriven by
significant increases iadoption ofstructural practices, cover
crops, and conservation tillage (Chapter 3).



Figure 4.1.Pacent ofcropped acrem each conservation treatment level for water erosion control in the Chesapeake Bay region,

200306 and 2011.
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Figure 4.2.Percent otropped acres each conservation treatment level for nitrogen runoff control in theapleake Bay region,

200306 and 2011.
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Figure 4.3.Percent otropped acrem each conservain treatment level for nitrogeeaching control in the Chesapeake Bay

region,200306 and 2011.
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Figure 4.4.Percent otropped acrem each conseation treatment level for phosphorus runoff control in the Chesapeake Bay region,

200306 and 2011.
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Table 4.1. Estimated average annual sediment loss for levels

of soil runoff potential by levels of conservation treatment,

Chesapeake Bay reyi (2011 conservation conditian)
Sediment Treatment Level

Runoff (tons/acre)

Potential Low Moderate Mod. High High
Low 3.1 0.8 0.5 0.2
Moderate 7.8 1.3 1.0 0.3
Mod. High 9.3 1.8 0.8 0.2
High 19.8 6.6 2.3 4.4

Table 4.2. Estimated average annuatrogen loss with stiace

runoff for levds of soil runoff potential by levels of conservation

treatment, Chesapeake Bay regi@f11 conservation condition)
Nitrogen Runoff Treatment Level

Runoff (pounds/acre)

Potential Low Moderate Mod. High High
Low 14.0 8.2 6.7 3.9
Moderate 135 18.5 10.8 6.8
Mod. High 315 17.9 11.2 8.0
High 384 28.3 21.3 12.6

Table 4.3. Estimated average annual nitrogen loss in subsurface
flows for levels of soil leaching potential by levels of conservation

treatment, Chesapke Bay regiorf2011 conservation condition)
Nitrogen Leaching Treatment Level

Leaching (pounds/acre)

Potential Low  Moderate Mod. High High
Low 26.4 29.7 13.6 10.7
Moderate 47.5 27.1 17.1 16.6
Mod. High 36.1 29.9 16.0 10.6
High 71.1 34.0 29.9 10.9

Table 4.4. Estimated average annual phosphorustiosurface

water for levels of soil runoff potential by levels of conservation

treatment, Chesapeake Bay regf@fi11 conservation condition)
Phosphorus Runoff Treatment Level

Runoff (pounds/ecre)

Potential Low  Moderate Mod. High High
Low 4.0 1.8 1.0 0.6
Moderate 3.7 3.0 2.3 11
Mod. High 6.8 3.8 21 1.0
High 8.6 7.4 4.8 1.9

Model simulations demonstrated the followiclgangsin
conservation treatent levels for sediment losses due to water
eroson on cropped acres in the Chesapeake Bay region in the
200306 baseline condition and 2011 conservation condition
(fig. 4.1 and table 4.5):
1 Acres receiving &igh treatment levebf water erosion
controt 14 percentage point increadeom 2 to 16
percen of cropped acres;

1 Acres receiving anoderately high treatmerievelof
water erosion controR1 percentage point increase,
from 13 to 34 percent of cropped acres;

1 Acres receiving anoderatetreatmentlevel of water
erosion controll1l percentage poirdecreasefrom 49
to 38 percent of cropped acres; and

1 Acres receiving éow treatment levebf water erosion
control: 24 percentage point decreagemm 37 to 13
percent otcropped acres.

Declines in the number of acres in tbev andmoderate
treatment evelcategories are a positive trend. These declines
demonstrate that more acres are receiving higher levels of
treatment to prevent sediment losses.

Nitrogen Losses

Model simulations demonstrated the followictganges in
conservation treatment levdts nitrogen lossesia surface
waterpathwayson cropped acres in the Chesapeake Bay
region in the 20086 baseline condition and 2011
conservation condition (fig. 4.2 and table 4.6)

9 Acres receiving &igh treatment levebf surface
nitrogen loss control7 percentage point increase,
from 8to 35percent otcropped acres;

1 Acres receiving anoderately high treatmenevelof
surface nitrogen loss controlgaintained 200396
conservation treatment levels, 44 and 40 percent of
cropped acres;

9 Acres rece&ving amoderatetreatmentlevelof surface
nitrogen loss controld€5 percentage point decrease,
from 36 to 21 percent of cropped acres; and

9 Acres receiving éow treatment levebf surface
nitrogen loss control® percentage point decrease,
from 11 to Spercent otropped acres.

Declines in the number of acres in tbev andmoderate
treatment levetategories are a positive trend. These declines
demonstrate that more acres are receiving higher levels of
treatment to prevent nitrogen losses in surfaceff.

Model simulations demonstrated the followiciganges in
conservation treatmefgvels for nitrogen losses via
subsurface flow pathwaym cropped acres in the Chesapeake
Bay region in the 20086 baseline condition and 2011
conservation conditior{fig. 4.3 and table 4.7)

1 Acres receiving &igh treatment levebf subsurface
nitrogen loss control® percentage point increase,
from 11to 19percent otropped acres;

9 Acres receiving anoderately high treatmerievelof
subsurface nitrogen loss cools: maintained 200396
conservation treatment levelst, 50 and 46 percent of
cropped acres;

Acres receiving anoderatetreatmentlevel of
subsurface nitrogen loss contratsaintained 20036
conservation treatment levelt, 23 and 24 percent of
croppel acres; and

1 Acres receiving éow treatment levebf subsurface
nitrogen loss controlgnaintained 200396
conservation treatment levels, 14 and 12 percent of
cropped acres.



Table 4.5.Estimation of undetreated acres for sediment loss due to waitesion in the Chesapeake Bay region,
200306 baseline conditioand 2011conservation conditian

Conservation treatment levels for water erosion control

Soil runoff potential Low Moderate Mod-High High All

I. 200306 Estimated cropped acres
Low 799,009 954,338 221,865 17,201 1,992,414
Moderate 204,474 223,051 59,635 8,861 496,021
Moderately high 268,264 403,203 127,054 13,618 812,140
High 319,046 495,226 130,583 34,470 979,325
All 1,590,793 2,075,818 539,138 74,151 4,279,900
Percent of otal 37% 49% 13% 2% 100%

II. 2003-06 Percent of acres in baseline conservation condition with annual average sediment loss |éeadfame
Low 62 88 78 100 77
Moderate 37 84 62 100 62
Moderately High 32 59 69 100 52
High 6 37 38 63 28
All 43 69 65 83 59

1ll. 2003-06 Estimate of undereated acres
Low 0 0 0 0 0
Moderate 204,474 0 0 0 204,474
Moderately High 268,264 403,203 0 0 671,467
High 319,046 495,226 130,583 0 944,855
All 791,784 898,429 130,583 0 1,820,796

IV. 2011 Estimated cropped acres

Low 267,400 713,400 524,100 309,800 1,814,700
Moderate 82,100 291,400 241,300 75,200 690,000
Moderately high 91,000 288,500 332,800 92,000 804,300
High 121,800 354,100 349,400 219,100 1,044,400
All 562,300 1,647,400 1,447,600 696,100 4,353,400
Percent of Total 13% 38% 34% 16% 100%

V. 2011 Percent of acres in current conservation condition with annual average sediment loss less than 2 tons/acre
Low 77 93 98 96 93
Moderate 34 83 91 100 82
Moderately high 44 82 93 100 85
High 11 57 81 87 66
All 51 82 92 94 83

VI. 2011 Estimate of unddreated acres
Low 0 0 0 0 0
Moderate 82,100 0 0 0 82,100
Moderately high 91,000 0 0 0 91,000
High 121,800 354,100 0 0 475,900
All 294,900 354,100 0 0 649,000

Note: Color-shaded cells indicate undeeated acres. Bright yelloshaded cells indicate groups of acres in which more than 30 percent of the acres
have losses exceeding acceptable levels and were defined as moderate needs acres. Dadteadedlaells nlicate high needs undeeated
acres, which were defined as groups of acres in which more than 60 percent of the acres have losses in excess oéeglseptable |

Note: Percent reductions were calculated prior to rounding the values for reportinggpinl¢hend the associated text. Percents may not add to totals
because of rounding.



Table 4.6.Estimation of undetreated acres for nitrogen loss due to surface runoff in the Chesapeake Bay region,
200306 baseline conditioand 2011conservation condin.

Conservation treatment levels for nitrogen runoff control

Soil runoff potential Low Moderate Mod-High High All
I. 200306 Estimated cropped acres
Low 208,143 741,688 904,986 137,597 1,992,414
Moderate 51,509 187,142 201,473 55,897 496,021
Moderately high 99,010 265,455 386,254 61,421 812,140
High 109,317 354,150 413,920 101,939 979,325
All 467,979 1,548,435 1,906,632 356,854 4,279,900
Percent of Total 11% 36% 44% 8% 100%
II. 2003-06 Percent of acres in baseline conservation camditith annual average nitrogen loss less thalbd/acre
Low 68 79 90 99 84
Moderate 73 38 81 93 65
Moderately High 18 43 69 65 56
High 5 24 32 46 28
All 43 55 72 77 63
11l. 2003-06 Estimate of undereated acres
Low 0 0 0 0 0
Moderate 0 187,142 0 0 187,142
Moderately High 99,010 265,455 0 0 364,465
High 109,317 354,150 413,920 101,939 979,325
All 208,327 806,747 413,920 101,939 1,530,932
IV. 2011 Estimated cropped acres
Low 93,500 389,500 664,900 666,800 1,814,700
Moderate 16,900 131,800 315,400 225,900 690,000
Moderately high 26,100 164,800 328,800 284,600 804,300
High 67,200 226,300 414,300 336,600 1,044,400
All 203,700 912,400 1,723,400 1,513,900 4,353,400
Percent of Total 5% 21% 40% 35% 100%
V. 2011 Percet of acres in current conservation condition with annual average nitrogen loss less than 15 Ibs/acre
Low 59 97 94 97 94
Moderate S 63 80 88 79
Moderately high 7 52 97 91 83
High 13 52 64 79 63
All 40 73 85 90 82
VI. 2011 Estimate of unddreatd acres
Low 93,500 0 0 0 93,500
Moderate * 0 0 0 0
Moderately high 26,100 164,800 0 0 190,900
High 67,200 226,300 0 0 293,500
All 186,800 391,100 0 0 577,900

Note: Colorshaded cells indicate undeeated acres. Bright yelloshaded cellsnidicate groups of acres in which more than 30 percent of the acres
have losses exceeding acceptable levels and were defined as moderate needs acres. Dadteadadleeils indicate high needs unmeated
acres, which were defined as groups of aareshich more than 60 percent of the acres have losses in excess of acceptable levels.

Note: Percent reductions were calculated prior to rounding the values for reporting in the table and the associateehtsxinddenot add to totals
because of rouridg.



Table 4.7.Estimation of undetreated acres for nitrogen loss due to subsurface flow and leaching in the Chesapeake
Bay region,200306 baseline conditioand 2011conservation conditian

Conservation treatment ldgefor

subsurface nitrogen loss control

Soil leaching potential Low Moderate Mod-High High All
1. 200306 Estimated cropped acres
Low 64,940 82,214 114,084 13,801 275,040
Moderate 311,527 480,004 1,018,873 227,855 2,038,260
Moderately high 203,854 220,431 695,473 129409 1,249,166
High 50,358 218,012 333,166 115,899 717,434
All 630,678 1,000,661 2,161,597 486,964 4,279,900
Percent of Total 15% 23% 50% 11% 100%
11. 2003-06 Percent of acres in baseline conservation condition with annual average nitrogen thas [2S&s/acre
Low 59 71 92 100 78
Moderate 34 69 81 86 72
Moderately High 21 58 83 100 71
High 53 51 69 100 67
All 34 63 81 93 71
11l. 2003-06 Estimate of undereated acres
Low 64,940 0 0 0 64,940
Moderate 311,527 0 0 0 311,527
Moderately High 203,854 220,431 0 0 424,285
High 50,358 218,012 0 0 268,369
All 630,678 438,442 0 0 1,069,121
IV. 2011 Estimated cropped acres
Low 4,800 85,500 103,600 75,900 269,800
Moderate 295,600 676,400 1,270,900 484,000 2,726,900
Moderately high 87,300 113,400 420,900 130,400 752,000
High 115,100 174,300 186,400 128,900 604,700
All 502,800 1,049,600 1,981,800 819,200 4,353,400
Percent of Total 12% 25% 46% 19% 100%
V. 2011 Percent of acres in current conservation condition withal average nitrogen loss less than 25 Ibs/acre
Low * 48 92 80 74
Moderate 56 59 78 76 71
Moderately high 40 51 87 87 76
High 50 54 71 92 66
All 52 57 80 81 71
VI. 2011 Estimate of unddreated acres
Low * 85,500 0 0 85,500
Moderate 295600 676,400 0 0 972,000
Moderately high 87,300 113,400 0 0 200,700
High 115,100 174,300 0 0 289,400
All 498,000 1,049,600 0 0 1,547,600

Note: Colorshaded cells indicate undeeated acres. Bright yelloshaded cells indicate groups of acres riclv more than 30 percent of the acres
have losses exceeding acceptable levels and were defined as moderate needs acres. Dadteadedl@ells indicate high needs urineated
acres, which were defined as groups of acres in which more than 60 péritenacres have losses in excess of acceptable levels.

Note: Percent reductions were calculated prior to rounding the values for reporting in the table and the associateehtsxtdenot add to totals
because of rounding.



These results suggt that less progress was made in terms of
advancing treatment for preventing nitrogen losses in
subsurface flows. Accomplishing a reduction in surface losses
necessarily increases the potential for subsurface losses
because water and nutrients are keptre farm field, where
they may be lost to subsurface flow pathwaypportunities

for conservation gains related to subsurface nitrogen losses
remain, particularly in light of the numerous conservation
practices adopted to reduce surface losses.

Phosphorus Losses

Model simulations demonstrated the followiciganges in
conservation treatment levdts phosphorus losseda

surface runofpathwayson cropped acres in the Chesapeake
Bay region in the 20086 baseline condition and 2011
conservation condith (fig. 4.4 and table 4.8):

1 Acres receiving &igh treatment levebf phosphorus
loss controls18 percentage point increaseom 20 to
38 percent of cropped acres;

9 Acres receiving anoderately high treatmenevelof
phosphorusoss controlsmaintainel 200306
conservation treatment levels, 41 and 3@ercent of
cropped acres;

1 Acres receiving anoderatetreatmentlevel of
phosphorus loss controlg:percentage point decline,
decreased from 23 to 16 percent of cropped acres; and

1 Acres receiving #éow treatment levebf phosphorus
loss controlsmaintained 20036 conservation
treatment levelsat 15 and 1(@ercent of croppedcres.

Treatment Level Criteria
Criteria for water erosion control treatment levels were
derived using theedimenscoring systm (Appendix B,
wherethe relative ability of each practice to avoid, control,
and trap sediment losses is rated for each of the preceding
mitigation categorie€ach practice has a maximum of 20
points for each mitigation category, for a total of 60 foin
Each practice occurring at a survey point is scored and
summed for the total points for that conservation system. The
categorization ofreatment levelfor erosion control is as
follows:
9 High treatment Sum of scores is equal to or greater
than 100
1 Moderately high treatmentSum of scores equal to
or greater than 70
1 Moderate treatmentSum of score& equalto or
greater than 40and
1 Low treatment Sum of scores is less than 40.

Criteria fornitrogen runoff treatment levels were derived from
an equal combination of the scoffes sediment control
(Appendix F) and the nitrogen application scofes @.3) to
producea nitrogen runoff management scofée sediment
control scores are normalized to match the scale of the
potential pointgor nitrogen applicationgCrop residue
classification for the rotation is also used to define the

treatment level for nitrogen runoffhe categorization of
treatment levedfor nitrogen runoffcontrolis as follows:

1 High treatment Acres with a nitrogen runoff
management score greater than 65 or a score greater
than 50 with a moderate residue rotatsaore(>1);

1 Moderately high treatmentAcres with a nitrogen
runoff management score greater than or equal to 50 or
a score greater than or equal to 40 with a matéer
residue rotatioscore(>1);

1 Moderate treatmentAcres with a nitrogen runoff
management score greater than or equal to 30; and

1 Low treatment Acres with a nitrogen runoff
management score less than 30.

Criteria fornitrogen treatment levels for legiog are based on

the nitrogenapplication scores (fig. 2.3ndther ot at i on d

crop residue classification (fig@.2). The categorization of
treatment leved for nitrogen subsurface loss contgobas
follows:
9 High treatment Acres with a nitrogen applitian
score greater than 45 or a score greater than 30 with a
high residue rotatioscore(>3);
1 Moderately high treatmentAcres with a nitrogen
application score greater than 30 and at least a

moderate residue rotation or a score greater than 20 and

a highresidue rotatioscore (>3);

1 Moderate treatmentAcres witha nitrogen application
score greater than 20 and at least a moderate residue
rotationscore(>1); and

1 Low treatment Acres with a nitrogen application score
less than or equal to 20 and all othases not
accounted for in the above criteria. These are typically
low residue rotations with nitrogen application scores
less tharor equal to 30.

Criteria forphosphorus runoff treatment levels were derived
from an equal combination of the scores fedisent control
(Appendix B and the phosphorus application scores ig)
to produce a phosprus runoff management scofde
sediment control scores are normalized to the match the scale
of the potential pointfor phosphorus application€rop
residue classification for the rotation is also used to define the
treatment level for phosphorus runcfhe categorization of
treatment leved for phosphorus runoff contrid as follows:
9 High treatment Acres with a phosphorus runoff
management score greatiean 65 or a score greater
than 50 with a moderate residue rotatsoore(>1);
1 Moderately high treatmentAcres with a phosphorus
runoff management score greater than or equal to 50 or
a score greater than or equal to 40 with a moderate
residue rotatioscore(>1);
1 Moderate treatmentAcres with a phosphorus runoff
management score greater than or equal t@ai30
1 Low treatment Acres with a phosphorus runoff
management score less than 30.
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Table 4.8.Estimation of undetreated acres for phosphotoss due to surface runoff in the Chesapeake Bay region,
200306 baseline conditioand 2011conservation conditian

Conservation treatment levels for
phosphorus runoff control

Soil runoff potential Low Moderate Mod-High High All

I. 200306 Estimagd cropped acres
Low 222,493 667,221 613,357 489,343 1,992,414
Moderate 99,683 156,847 153,334 86,157 496,021
Moderately high 135,212 290,999 264,243 121,686 812,140
High 212,395 295,932 316,374 154,623 979,325
All 669,783 1,410,999 1,347,308 851,810 4,279,900
Percent of Total 15% 33% 31% 20% 100%

II. 2003-06 Percent of acres in baseline conservation condition with annual average phosphorus loss less than 3 Ibs/acre
Low 66 79 94 100 87
Moderate 71 45 76 89 68
Moderately High 35 48 71 99 61
High 14 25 53 60 37
All 44 57 78 91 69

111. 2003-06 Estimate of undereated acres

Low 0 0 0 0 0
Moderate 156,847 0 0 156,847
Moderately High 135,212 290,999 0 0 426,211
High 212,395 295,932 316,374 0 824,702
All 347,60 743,778 316,374 0 1,407,760

IV. 2011 Estimated cropped acres
Low 177,100 262,600 634,000 741,000 1,814,700
Moderate 62,800 111,500 251,500 264,200 690,000
Moderately high 67,900 139,200 310,700 286,500 804,300
High 148,000 159,000 363,300 374,100 1,044,400
All 455,800 672,300 1,559,500 1,665,800 4,353,400
Percent of Total 10% 15% 36% 38% 100%

V. 2011 Percent of acres in current conservation condition with annual average phosphorus loss less than 3 Ibs/acre
Low 71 97 95 99 94
Moderate 72 74 84 92 85
Moderately high 54 59 89 91 82
High 35 59 70 89 70
All 57 76 86 94 85

VI. 2011 Estimate of undereated acres
Low 0 0 0 0 0
Moderate 0 0 0 0 0
Moderately high 67,900 139,200 0 0 207,100
High 148,000 159,000 0 0 307,000
All 215,900 298,200 0 0 514,100

Note: Colorshaded cells indicate undeeated acres. Bright yelloshaded cells indicate groups of acres in which more than 30 percent of the acres
have losses exceeding acceptable levels and were defined as moderate eseDaiker yellowshaded cells indicate high needs urmeated
acres, which were defined as groups of acres in which more than 60 percent of the acres have losses in excess oéeslseptable |

Note: Percent reductions were calculated prior to rourtti@egalues for reporting in the table and the associated text. Percents may not add to totals
because of rounding.



Inherent Vulnerability Factors

The same level of conservation treatment will not yield
identical conservation benefits on atras due to site
differences, including variability of inherent vulnerabilities
due to soils and climate. Inherent vulnerability factors are
immutable, but conservation practices can prevent or mitigate
the impacts of these vulnerabilities on natural resmu
sustainability and water quality. Inherent vulnerability factors
affecting surface runoff potential include soil properties that
promote surface water runoff and erogiosoil hydrologic
group, slope, and Hactor. Inherent factors affecting leaching
potential for loss of nutrients via subsurface flow include soil
properties that promote permeability and/or infiltraéiosoil
hydrologic group, slope, #actor, wetness periods, and coarse
fragment content of the soil.

Soil runoff potential and leaching famtial were estimated for

each sample point on the basis of vulnerability criteria. A single
set of criteria was developed for all regions and soils in the
United States to allow for regional comparisons. Thus, some soil
runoff and leaching potentials amet well represented in every
region. The criteria were not designed to enable comparisons at
the withinregion scale.

Relative tothe previoudJSDA NRCS CEAP report on the
region, this report uses improved soils data (USDA NRCS
2011). Criteria for soitunoff and soil leaching potentsahre
presented in Appendix G and Higures 4.5 and 4.éhow the
spatial distribution oinherent vulnerability potentialgo runoff
and leachindor all soils and land uses in the regidime
inherentrunoff and leachingotentialsfor cropped acrewere
usedto assess conservation treatment needs

Cropped acres in the Chesapeake Bay relgive a mix of

vulnerability levelselative to potential soil and nutrient losses

via surface runoff loss pathways. Highly erodilaleds (HEL)

tend to be more vulnerable to runoff losses than dehigimy

erodible lands (NHEL). Under 2011 conservation conditions
91 23 percent of cropped acres/ka high soil runoff

potentiat

19 percent of cropped acres hawa@derately high

soil runoff potential;

12 percent of cropped acres hava@derate soll

runoff potential, and

47 percent, of cropped acres havewa soil runoff

potential

f
f
f

Compared to variability in runoff vulnerabilitgropped acres

in the region hee a relatively consistd need for conservation
treatments to address nitrogen leachiffgpugh nearly half of
the acres have low vulnerability to soil runoff, only 6 percent
have low vulnerability to leaching. Nitrogen leaching
vulnerability is not correlated with erodibilithpproximately

7 percent of cropped acres in the region have the unique
combination of high vulnerability to leaching and HEL
classification. These soils are generally found on sloping soils
in the Susquehanna Valley and tend to be shallow with more
than 10percent rock fragments in the surface. Under 2011
conservation conditions:

9 17 percent of cropped acres havgigh soil leaching
potential

1 29 percent of cropped acres hawaaderately high
soil leaching potential

9 48 percent of cropped acres havaederate soil
leaching potentiaj and

9 6 percent of cropped acres haview soil leaching

potential

Estimation of Remaining Conservation

Treatment Needs

Treatment needsvere evaluated by usingfamat r i x
to contrastheconservation treatment levelf each acre with
its owninherent vulnerability potentiaffor runoff and/or
leaching. Application of the matrix approach classified
cropped acres into 16 group4< classes of soihherent
vulnerability potentialsby 4 conservation treatment levelin
this way, the matrix approach identified acres whichthe
level of conservation treatment was inadequate relative to the
inherent conservation neethis matrix approach may be used
to inform a targeted approach to natural resources
management, asénabés identification of the most probable
combinations ofnherent vulnerability potentialsand
conservation treatment levela need of further treatment and
also indicates how critical that need may Dleus, the matrix
approachs a useful tool fofield offices and programs to
betterfocus resource®ward acres with low conservation
treatment levels and high inherent vulnerability potentials
better address conservation needs.

app

Relative to lower conservation treatment levaigh or
moderately high tratment leveldend to bdar moreeffective
atreducing losses for all classesimfierent vulnerability
potential as shown in tables 4.1 througd 4nadequately
treated acres arta eradfedy raecd etso
segregating acresith high losspotential from acres with low
loss potentiglthe matrix approacprovides an estimate of the
acres with the greatesbnservation treatment needdsing
this approach, each category is within 4 percent of the
estimated acres needing treatment for the Biigntified
threshold for that resource concétables 4.5 through 4.8).

As expected, simulated#mates of sediment and nutrient loss
exhibited a trenaf decreasing loss with increasiognservation
treatment levelithin a giveninherent vulnerabily potential
class The highest losses were predicted for groups of acres
where theconservation treatment lewehs one step or more
below thesoil leaching or runoff potentialass.

The evaluation of conservation treatment needs was conducted
by idertifying which of the 16 groups of acres were
inadequately treated with respect to inherent soil runoff or soil
leaching potential. Three levels of conservation treatment need
were identified and applied to the matrices (tables 4.5 through
4.8):

1 High needsacres:themost vulnerable of the under
treated acres, with the least conservation treatment and
the highest losses of sediment and/or nutrigateups
of acresn whichmore than 60 percent of the acres
have lossem excess of acceptable levels were



desgnated as having a high level of conservation
treatment need, indicated by the darkest shading in the
cells in the matrices

Moderate needs acresindertreated acres that
generally have lower levels of vulnerability and/or

have more conservation prams in placehando high
needs acre§he treatment level requiréd adequately
treat these acrés not necessarily lesean what is
required on high needs acredthough it can heThe
sediment antr nutrient losses are lowen these acres
than on hijh needs acreand thus there is less potential
on a petacre basis for reducing sediment and nutrient
loadings with additional conservation treatment. Acres
with amoderate level of conservation treatment needs
are indicated byhelighter shaihg in thecells in the
matrices; and

Low needs acresacres that are adequately treated with
respect to thie level of inherent vulnerability. While
gains can be obtained by adding conservation practices
to some of these acres, current losses are smel|
additiond conservation treatment would reduce field
losses by only a small amouroups of acres with

less than 30 percent of the acres exceeding acceptable
levels were defined as adequately treated acres and
designated as having a low level of conservation
treament needThese cells are not shaded in the
matrices.

The matrices lland VI in each of the tables 4.5 througB 4
identify conservation treatment needSpecific criteria were
used to identify the groups of acres that fall into each of the
three leved of conservation treatment need. Criteria weye
tailored to a specific region, but were derived for use in all
regions of the country to allow for comparisons of adequacy
of treatment and identification of undeeated acres across
regions using a caistent analytical framework. The criteria
and steps in the process are as follows.

The threshold foacceptable per acphoghorus loss was

lowered from 4to 3 pounds for this report. A $ound
thresholdwasused in thevriginal USDA NRCS CEAP rapt

for the Chesapeake Bay region (USDA NRCS 20Thg

increase in manure usage and the persistence of phosphorus in
previously eroded sediments necessitttedower

phosphorusoss threshold to further reduce loads to the Bay.

Undertreated acrds those groups of acres with either a high
or moderate level of conservation treatment Beatke shown
in the last matrix ireach table (tables 4.5 through 4.18)most
cases, unddreated acres consisted of acres where the
conservation treatment level was atep or more below the
soil leaching or runoff potentialass

Acceptable levels were initially derived through a series of
forums held at professional meetings of researchers working
on fate and transport of sediment and nutrients in agriculture.
Thos® meetings produced a range of estimates for-eflge
field sediment loss, nitrogen loss, and phosphorus loss,
representing what coulealisticallybea c hi eved wi
production and conservation technologies. The range was
narrowed by further examitian of APEX model output,
which also showed that the levels selected were agronomically
feasible in all agricultural regions of the country. In the
Chesapeake Bay region, for examgl@ppedacres that, with
adequate levels of conservation treatmenttiog structural
practices and nutrient managemenglld attain these
acceptable levels are:

1 99 percent of cropped acres for sediment loss;

1 99 percent of cropped acres for nitrogen loss with
surface runoff;
88 percent of cropped acres for nitrogen ioss
subsurface flovwpathwaysand
91 percent of cropped acres for phosphorus loss to
surface water.

t h

f
f

The percent of acres that exceeded a given levalitoient or
sedimentoss was estimated for each cell in the matrix as a
guide to determiathe extent of lossgsables 4.5 through

4.8). Thesehresholdar e referred to as
Losses above these levels were considered unacceptable levels
of loss. Acres with losses above these thresholds were
considered to be in need of further treatménfc c e pt a b |
leve | s 0 fleval losbels eséddn this study areannual
average of:

The criteria used to identify acres that need additional
treatment, including those with currently acceptable level
N aatemet mteraldd togrovide adequageotaxtion for water
quality, although in some environmental settings they may|
suitable for that purposeEvaluation of how much additional
€ conservation treatment is needed to meet Federal, State
and/or local water quality goals in the region is begidhe
scope of this study.
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1 2 tons per acre for sediment Ipss

9 15 pounds per acre for nitrogen loss with surface runoff
(soluble and sediment attachgd)

1 25 pounds per acre for nitrogen loss in subsurface flow
and

1 3 pounds per acre for phosphorus loss toesearfvater
(soluble and sedimerattached).



Figure 4.5. Soil runoff potential vulnerability classes for soils in the Chesapeake Bay region.

Note: The soil runoff vulnerability potential shown in this map was derived using the criteria préseipeendix Gappliedto soil
characteristics for SSURGO polygons. All sa@fed land uses are represented.



